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DISTRIBUTION OF WHEEL LOADS AND 
DESIGN OF REINFORCED CONCRETE. 
DRIDGeBEOORSSEABS 


Reported by H. R. ERPS and A. L. GOOGINS, Associate Highway Bridge Engineers, and J. L. PARKER, Highway Bridge Engineer, Bureau of Public Roads 


wheel loads in addition to the distributed dead 

loads. The methods now in use for estimating the 
influence of distributed dead loads are considered 
sufficiently accurate and will not be discussed in this 
study. The problem of stresses in slabs contributed 
by wheel loads is discussed in a paper, ‘(Computation of 
Stresses in Bridge Slabs Due to Wheel Loads,” by H. M. 
Westergaard, published in the March 1930 issue of 
Pusuic Roaps. 

In order to simplify design computations and provide 
for certain conditions not covered by the Westergaard 
formulas, there are advanced in this analysis formulas 
that are a modification of the Westergaard formulas. 
These formulas give results nearly the same as those 
proposed by Dr. Westergaard and will be referred to as 
the modified formulas. 

Many of the formulas included in this paper were 
first developed by the late E. J. Budge, Associate 
Highway Bridge Engineer, Bureau of Public Roads. . 

Before any bridge floor slab can be designed, the type 
of live load and its manner of application must first be 
known or determined. The truck loading shown in 
figure 1 represents the loading considered in the subse- 
quent analysis and design of reinforced concrete bridge 
floor slabs. This loading is the same as that shown in 
the Standard Specifications for Highway Bridges of the 
American Association of State Highway Officials, 1935, 
except that each wheel load is assumed to be applied 
to the slab over a circular area. 

Two types of slabs will be considered, differing in the 
manner in which they are reinforced as follows: 

Case I.—Slabs with main reinforcement parallel to 
the direction of traffic. 

Case II.—Slabs with main reinforcement transverse 
to the direction of traffic. 

The Westergaard investigation did not consider the 
effect of reinforcement, but was based on homogeneous 
and isotropic slabs, and the above and subsequent 
references to reinforcement under cases I and II are 
merely for the purpose of indicating the direction of the 
slab spans and the position of wheel loads on these spans. 


Sie for highway bridges are designed to support 








When considering slabs with reinforcement parallel 
to the direction of traffic, the position of truck loading, 
for maximum moment, would be with the rear wheels 
on the center line of the slab for all spans less than 26.5 
feet. This study is limited to spans from 2 to 25 feet, 
so the critical position of load will be with rear wheels 
on the center line of the slab. 


At r \ 
9-0" CLEARANCE, —— x ~—— 


AND LANE LOAD —_—— 


W = TOTAL WEIGHT OF TRUCK AND LOAD 

















1-6" 


i ' 
; O.1W W H | CIRCULAR AREA OVER WHICH WHEEL LOAD IS 





P=0.4 
CONSIDERED UNIFORMLY APPLIED TO SLAB 


Nee eae P=04w -4° DIAMETER C OF CIRCULAR AREA ASSUMED TO 
: BE 1.25 FEET FOR BOTH 4-15 AND H-20 LOADING 


Figure 1.—Di1aGcram or Truck LoapIna. 











When considering slabs with reinforcement trans- 
verse to the direction of traffic, the study will be limited 
to slabs with spans from 2 to 10 feet. With slab spans 
of such lengths, the required roadway width is obtained 
by placing several slab spans together, so that there 
will be interior and exterior spans. On exterior spans, 
the maximum moment per foot width of slab will be 
produced by one rear wheel on the center line of the 
slab, because two wheels at 6-foot centers cannot be 
placed in position to give a greater moment on spans 
of less than 10.25 feet. On interior spans, the maximum 
moment per foot width of slab for the assumed loading 
will be produced by one rear wheel on the center line of 
the slab for spans less than 5.14 feet and by two wheels 
at 3-foot centers placed in position for maximum 
moment on spans from 5.14 to 10.25 feet. 


Part 1—WESTERGAARD FORMULAS 


The following Westergaard formulas for determining 
the live load bending moments in slabs were used to 
develop the modified formulas advanced in this analysis. 

Slabs freely supported.—¥or slabs freely supported, 
the moment for one wheel on the center line of the slab 
(the center line of the slab is a line at the center of the 
slab span and parallel to the supports) is as follows: 


17995—37——-1 


meee s 
2.32 S+8 C 
Mo:=maximum moment, in foot-pounds per foot of 
width on the center line of a freely supported 
1 Equation numbers refer to those given in the article ‘‘Computation of Stresses in 
Bridge Slabs Due to Wheel Loads”, by H. M. Westergaard, PuBLIc RoADs, vol. 11, 


no. 1, March 1930. The symbols s and c, given in lower case in the Westergaard 
article, have been changed to S and C, respectively, in this report. 
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Moz __-_Equation (66) ! 
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slab, produced by a single load P on the center 
line of slab. 

P=wheel load in pounds. 

S=effective design span of slab in feet. 

C=diameter of circle over which load P is considered 
uniformly applied to slab (to be taken as 1.25 
feet for this study). 

Moment for two or more wheels on the center line of 
freely supported slabs is considered next. Equation 
(66) gives the moment M4), produced by one load P on 
the center line of the slab. If a second load, P, is 
placed on the center line of the slab at a distance y in 
feet from load P, the maximum moment per foot width 
of slab at load P will be M,,+ ™/,. 


M,=0.21072 P, logiy coth ay + ae aaiaon (74) 
28 Pear) 
S sinh oI 


M,=the increase in moment Mo, caused by an addi- 
tional load on the center line of slab at distance 
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EFFECTIVE DESIGN SPAN, S- FEET 


FigurRE 2.—BrEnpiING MomeEnts PRopvucED By TRucK LOADINGS, 
FoR SuABS Having Main REINFORCEMENT PARALLEL TO THE 
DIRECTION OF TRAFFIC (CASEI). (VauuEs oF My, anD M'oz 
FoR Case II Arg THE SAME AS FOR CASE 


When considering slabs with reinforcement parallel to 
the direction of traffic, the number of loads that can be 
placed on the center line of the slab depends on the 
width of roadway. When more than two loads are 
placed on the center line of the slab, the maximum 
moment per foot width of slab will be M).+2M,. 
For slabs of less than 25-foot span, loads whose y dis- 
tance from P is more than 9 feet produce very small 
values of M,. Therefore, for computing the maximum 
moment per foot width of slab, two trucks will be con- 
sidered sufficient for all widths of roadway. 

The maximum moment for two wheels placed in the 
direction of the span on freely supported slabs is as 
follows: 

M,,+4M,=maximum moment per foot width of.slab. 


cot iis 
as —- 0.2 1 072 logy 








a en eher Equation (72) 






































VALUES OF AM, AND AM, 














/ = 12,000 POUNDS FOR 4-15 LOADING 
P = 16,000 POUNDS FOR 4-20 LOADING 















































(351 0.2) 10.3) 2074 0). SaOn.G 
VALUES OF Ys 
Figure 3.—CuRVE SHOWING VALUES oF AM, anp AM, TO BE 
ADDED TO Moz oR Moy TO OBTAIN THE VALUES oF M, or M, 
DveE TO THE COMBINED AcTION oF 2 Loaps P PLACED As 


SHOWN, FOR SuaBs Having Main REINFORCEMENT TRANS- 
VERSE TO THE DIRECTION OF TRAFFIC. 


AM,=the increase in moment J, caused by 
placing two wheel loads on the span in 
position for maximum moment. 

a=distance between loads. 

For values of My, and of M,, see figure 2. For values 
of 2M, and of My.+2M,, when loading is limited to 
two trucks, see figure 2. For values of AM,, see fig- 
ure 3. 

Slabs fully restrained.—For fully restrained slabs, the 
moment for one wheel on the center line of the slab is 
M oe = Moe 0.06997 aes ee ee Equation (104) 
M’),=maximum moment in foot-pounds per foot width, 

on the center line of a fully restrained slab, 
produced by a single load P on the center line 
of the slab. 

Moment for two or more wheels on the center line of 
fully restrained slabs is considered next. Equation 
(104) gives the moment M/’,, produced by one load P on 
the center line of the slab. If a second load P, is placed 
on the center line of slab at a distance y in feet from P, 
the maximum moment per foot width of slab at load P 
will be M’),+M’,. 


n 

: _ PS\\cos o,y tanh a, 

M',—Ms= 21 sinh 2a,+2a, [d 

150,000. 

ap best ee ee ee eee Equation (102) 

M’,=the increase in moment M’,, caused by an addi- 
tional load on the center line of the slab, at dis- 
tance y from P. When more than two loads 
are placed on the center line of the slab, the 
maximum moment per foot width of slab is 
Moz t+zM’,. 

For values of M’,, and of M’,, see figure 2. For 
values of 2M’, and of M’),+2M’,, when load is limited 
to two trucks, see figure 2. 

Moment per foot width of slab for two wheels placed 
in the direction of the span in position for maximum 
moment for fully restrained slabs is discussed next. 

Westergaard shows formulas for finding the maximum 
moment per foot width of slab, when two loads are 
placed in the direction of the span in position for maxi- 
mum moment. This is M),+AM, when the slab is 
freely supported. When the slab is fully restrained, 
Mo, becomes M’,, but Westergaard does not show how 
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the termAM, is changed when theslab is fully restrained. 
It can be shown that the term AM, is small compared to 
Mz for short spans. If no reduction is applied to the 
term AJM, because of restraining the slab, the error will 
be small and on the safe side. So M’),+AM, will be 
considered as the maximum moment per foot width of 
slab, for two wheels placed in the direction of the span 
in position for maximum moment when the slab is fully 
restrained. 

For values of AM, see figure 3. 

Slabs partially restrained—When slabs are continu- 
ous Over supports, as shown in figures 4 and 5, they are 
neither freely supported nor totally fixed, but are 
partially restrained. 

The Westergaard study does not advance formulas 
for partially restrained slabs; but since results for this 
condition fall between those for freely supported and 
totally fixed slabs, let slabs as in figure 4 and figure 5 
be assumed to have 50 percent and 75 percent fixed end 
restraint, respectively. ‘These assumptions are based 
upon the probable effect that continuity of the slab, 
yielding supports, and other influencing factors, may 
have on the degree of fixation at the supports. Then 
the moment for slabs as in figure 4 will be the average of 





Ae ge Pee 
PRN Se -ATEEEY ARE METRY: REE TY SERIES | 


FiaurEs 4.—Continuovus SiuAB AssuMED TO Have 50 PERCENT 
Fixrep ENp RESTRAINT. 

















Figure 5.—ContTiInvuovus Siuas ASSUMED TO Havp 75 PERCENT 
Fixep ENp RESTRAINT. 


moments for the simple span and for the totally fixed 
slab. The moment for slabs, as in figure 5, will be the 
moment for a simple span reduced by three-fourths the 
difference between the moments for a simple span and 
for a totally fixed slab. 

Formulas for maximum moment for 50 and 75 percent 
fixed end restraint will be given in subsequent tables. 


Part 2—MODIFIED FORMULAS 


The values obtained by the Westergaard formulas 
for 2-truck loading can be very closely approximated 
by the use of a factor / for the effective width over 
which the wheel load is distributed when only one wheel 
is involved, and by a factor H for the ‘equivalent 
effective width” when two or more wheels are involved. 
The width H is considered as the equivalent effective 
width for one wheel load to give the effect, in terms of 
maximum moment, of two or more wheels on the slab 
arranged for maximum bending. 

The modified formulas have been developed for slabs 
with the two types of reinforcement, case I and case II. 

Under cases I and IJ, modified formulas will be shown 
for slabs (1) freely supported, (2) fully restrained, (3) 
having 75 percent fixed end restraint, and (4) having 
50 percent fixed end restraint. 

Since the various modified formulas advanced in this 
study were developed by similar methods, only the 
method of development for slabs freely supported, case 
I, will be shown. 

Slabs freely supported, case I.—The procedure in the 
development of the modified formulas for this case 
follows. 

Figure 6 shows the moment values resulting from 
each of the four equal wheel loads, P;, Ps, P3, and P, at 
their respective points of application, by curves Moz, 
and at points y distance from the wheels by curves M,. 
The area under the curve >M/,, the total bending 
moment produced by the four wheels, is equal to PS. 
The maximum moment produced by the four wheels 
is M,, + 2M, and is under the wheel load having th e 
greatest value of >M,. The total moment area under 
curve >M, can be represented by an equivalent 
rectangle with an ordinate =M), +2M, (the maxi- 
mum moment produced on the slab) and an abscissa 
Hy (the effective width for the four wheels). The 
area of the rectangle is (My, +2M,) XHr=PS from 


he Fé BS Perce 

which Ho=Tq_ + 3M.) Substituting the values of 
My, and 2M, obtained from Westergaard’s equations 
(66) and (74), the value of H,; is found to be approxi- 


mately (0.66 S+-12.4) and (Mos + 2Ms)=9 66 S124" 


The total moment produced by one wheel is = and 
the area of the equivalent rectangle for one wheel is 


Hee Es 
(Mor +2Mz)X Zz" 
for one wheel that will give the effect, in terms 


of maximum moment of the four wheels, is then 
oe 0 1658-23. 10) Mor 


4 4 

PS PS 
+2M:=7-ZO.165S+3.10) M 
for Myr+2M, the modified formula for freely supported 
slabs with main reinforcement parallel to the direction 


of traffic becomes: 


= eae ae. 
4H 0.66 S+12,4>-777 


The equivalent effective width 


and 


By substituting 


M Modified formula (1) 


In like manner formulas for the remaining conditions 
of end support and end restraint under case I may be 
developed, the formulas being as follows: 

Slabs fully restrained.— 


BES Teles 
mS ie) GIS o4.8 °°) ~ 


Slabs with 50 percent end restraint (as assumed for 
condition shown by fig. 4).— 
oes PS 
5.6 H 0.66 S+17.0577- 


M Modified formula (2) 


M= Modified formula (3) 
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The M, curves show the variation in moment in a slab of unlimited width and 20-foot span for equal loads P;, P:, P3, and P, and 
the summation of the M, curves is shown by curve £M,. When the slab has a limited width as shown by the superimposed sketch 
of slab, the inner 4.5 feet of the lane can be assumed to carry the moment represented by area 1; the outer 4.5 feet of lane is assumed 
to carry the moment represented by area 2, and the edge support is assumed to carry the moment represented by area 3. 


Moments represented by areas 1, 2, and 3 for 5-, 10-, 15-, 20-, and 25-foot spans 








Total moment distributed to various sections of slab 





Span (feet) 
Inner 4.5 feet 


Outer 4.5 feet 


9-foot lane plus 


Edge support edge support 





1. 2165 P 
2. 1500 P 
2.8005 P 
3. 2760 P 
3. 6500 P 








0.9765 P 0.3070 P 27Dee, 
1.7150 P 1.1350 P 5.0 P 
2. 2995 P 2. 4000 P eGle 
2. 7600 P 3. 9640 P 10.0 P 
3.1275 P 5. 7225 P 12.5 P 











Figure 6.—DiIsTRIBUTION OF Moments ALONG THE y-AXIS, SHOWING EQUIVALENT EFFECTIVE WipTH oF DISTRIBUTION H7; FOR 
A SuaB Havina FREELY Supportep Enps, A 20-Foot Span, 2 Truck Loapine, AnD Having MaIn REINFORCEMENT PARALLEL 


TO THE DIRECTION OF TRAFFIC. 


Slabs with 75 percent end restraint (as assumed for 
condition shown by fig. 6).— 


iS aS 


M=<F5 Ti 0.66 S015. 


Modified formula (4) 


Table 1 gives a summary of the modified and Wester- 
gaard formulas for maximum moment per foot width 
of slab, when reinforcement is parallel to direction of 
traffic (case I). 

For a comparison of the moment values by the modi- 
fied and Westergaard formulas, see figure 7. 


TaBLE 1.—Westergaard and modified formulas for maximum 





moment 
| Modified 
West d f las fe tne 
ite estergaard formulas for giving 
Condition of slab at support iomene sales equivalent 
moment 
values, Mf 
Freely supported_-___-_--- Spee Msc seers ee aaa peer ae 
0.66 S+12.4 
50 percent end restraint-...---- Most2Mzt+M'st2M's | _ PS 
2 0.66 S+-17.05 
75 percent end restraint_.--.--- Moz+2Mzt3M'0z2+32M'2-__. eee aes 
<= = ve 0.66 S+-20.15 
Fully restrained_......-..----- TV A psa BAP aE Be ee ee See 
0.66 S-+24.8 














Edge support requirements.—For a wheel load placed 
on the center line of a slab, Westergaard’s equation 
(74) shows the moment M/, produced on the center line 
of the slab at y distance from the load. Figure 8 
shows that /, is a maximum when the y distance is 
zero and that MM, is a minimum when the y distance is 
3.0 S. Therefore, in slabs of unlimited width, as the 
span increases the width of slab in which moment is 
produced increases. 

Figure 6 shows the moment M,, at any point on the 
center line of a freely supported slab of unlimited width 
and 20-foot span, produced by each wheel for two 
trucks spaced 9 feet between centers. The curve 
=M, shows the moment at any point in a slab of un- 
limited width produced by the four rear wheels, with a 
sketch of a slab of limited width superimposed. The 





total moment produced by the four wheels is or 


FERS. 

In a slab of limited width, when the loads are placed 
so that the outside load is 1 foot 6 inches from the face 
of the curb, a section of the slab and curb 9 feet wide is 
assumed to carry one half of the total moment produced 


4 


by the four wheels, or = The moment = can be 


considered as distributed to the slab and edge support 
as shown in figure 6. 
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sel — MODIFIED FORMULAS 
0.4P +++ 


--- WESTERGAARD FORMULAS 


(FOR MODIFIEO AND WESTERGAARD 
FORMULAS SEE TABLE ! ) 
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| LOADING 


| : P = 16,000 POUNDS FOR H-20 
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EFFECTIVE DESIGN SPAN, S- FEET 
FiguRE 7.—CoMPARISON oF Livr-Loap Brnpinac Moments 
PER Foot WiptH or Stas By Mopiriep FORMULAS AND 


WESTERGAARD FORMULAS, FOR Suass Having Main REIN- 
FORCEMENT PARALLEL TO THE DIRECTION OF TRAFFIC. 


Let M, be the moment, under the conditions indi- 
cated in figure 6, for which the edge support must pro- 
vide. Then the modified formula for edge support 
requirement will be 1Z,=0.01 PS? for freely supported 
slabs. 

The edge support requirement for slabs partially 
restrained and fully restrained may be provided for by 
using 0.8 MM, or 0.008 PS? for 50 percent end restraint; 
0.7 Mz or 0.007 PS? for 75 percent end restraint; and 
0.5 M, or 0.005 PS? for slabs fully restrained. The 
factors 1.0, 0.8, 0.7, and 0.5 represent approximately 
the variation in slab moments as computed by the 
modified formulas for the various conditions of support. 

Reinforcement in direction of y-axis.—The previous dis- 
cussion has dealt with moments in the direction of the 
span for which the main reinforcement is provided, 
referred to by Westergaard as moments in the direction 
of the z-axis. In addition to the moments in the 
direction of the slab span, there are moments produced 
in slabs normal to the span, referred to by Westergaard 
as moments in the direction of the y-axis, and for which 
reinforcement must be provided. 

For a single load on the center line of a freely sup- 
ported slab, the moment in the direction of the y-axis 
is given by Westergaard’s equation (62) as 


Moy=Moz—0.0676 P. 


For two wheels on the center line of a freely supported 
slab, a distance y apart, the moment in the direction of 
the y-axis is M4),+.M,. Values of M, can be deter- 
mined from Westergaard’s equation (74). 

For 2-truck loading with four rear wheels on the 
center line of the slab, when trucks are spaced 9 feet 
between centers, the moment in the direction of the 
y-axis is M),+2M,, where 2M, is the summation of 
values of M, for y=3 feet, y=6 feet, and y=9 feet. 
The values of M, may be obtained from figure 8. 

Figure 9 shows the maximum live-load moments 
plus impact moments in the direction of the y-axis, 
curves 1 and 2; the total moments for which main 
reinforcement must be provided are shown by curves 
3 and 4; and the ratios of maximum moments in the 
direction of the y-axis to the total moments for which 
main reinforcement must be provided, expressed as 
percentages, are shown by curves 5 and 6. 

The moments along the y-axis are small at points 
near the supports, and the maximum occurs at the 
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MOMENT - FOOT-POUNDS ON CENTER 
LINE OF SLAB PER FOOT WIOTH OF SLAB AT 
DISTANCE y FROM FP AS PRODUCED BY P 


Ficure 8.—BrnpiInc Moments oN Crnter LINE oF SIMPLY 
SUPPORTED SLAB AT DISTANCE y FROM P as PRopucep By P, 
FOR SuABsS Havina Matin REINFORCEMENT PARALLEL TO THE 
DIRECTION OF TRAFFIC. 


CURVES | AND 2 SHOW MAXIMUM LIVE LOAD PLUS 40 





































































































































































































IMPACT MOMENTS IN DIRECTION OF Y-AXIS. ima 
CURVES 3AND 4 SHOW DESIGN MOMENT IN je 
DIRECTION OF X-AXIS FOR WHICH MAIN = 
REINFORCEMENT MUST BE PROVIDED. 36 |} 444 + 90 
CURVES 5 AND 6 SHOW THE RATIO OF CURVES 
[AND 2 TO CURVES 3 AND 4 RESPECTIVELY Le aN 
AND REPRESENT THE PERCENTAGE. OF MAIN REIN- 2 
FORCEMENT REQUIRED FOR THE LIVE 32 al 80 = 
LOAD PLUS IMPACT MOMENTS SHOWN | | ! 32 
BY CURVES | AND 2. 4-20 steal wPs 
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EFFECTIVE DESIGN SPAN, S-FEET 


FiguRE 9.—PERCENTAGE OF Main REINFORCEMENT REQUIRED 
IN Bottom oF SuaB IN DIRECTION oF y-AXIS, FOR SLABS 
Havine Main REINFORCEMENT PARALLEL TO THE DIRECTION 
oF TRAFFIC. 


center. Since the variations in percentages shown jn 
figure 9 are not large, it is recommended that, for slabs 
with main reinforcement parallel to the direction of 
traffic, the bottom of the slab, in the direction trans- 
verse to traffic, be reinforced with the percentages of 
main reinforcement shown in table 2, where practicable. 


TABLE 2.—Percentages of main reinforcement recommended 
for the bottom of the slab, in the direction transverse to traffic 














In middle | In outer 
Span length half of quarters of 
span span 
Percent Percent 
md erst 0 fee tee meee ere ek ee ee 5 5 3 
TOsbOx20) foe Gaerne ee eeenn eke en ee Se a 35 25 
‘OVE 20 feetorees se een Wie ie Oe eg ne ee ens 25 15 





Bridge floor slabs with main reinforcement transverse 
to the direction of traffic usually consist of several spans 
continuous on stringers or built monolithic with the 
supporting girders. For slab spans so arranged, the 
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maximum moment per foot width of slab in exterior 
spans will be produced by one rear wheel on the center 
line of the span for spans up to 10 feet. On interior 
spans, the maximum moment per foot width of slab 
will be produced by one rear wheel on the center line 
of the span for spans up to 5.14 feet, and by two rear 
Merges placed 3 feet apart for spans from 5.14 to 10 
eet. 

In order to simplify the moment computations and 
also to provide for the possibility of loads spaced less 
than 3 feet apart, the modified formulas for interior 
spans loaded with two wheels are developed for slab 
spans from 4 feet to 10 feet. 

The modified formulas for computing the live-load 
bending moments per foot width of slab for slabs with 
main reinforcement transverse to the direction of 
traffic are developed in a manner similar to that used 
for slabs freely supported of case I, and are as follows: 
Slabs freely supported, case 11—Spans less than 4 
eet. 


CPS ays 
M= TR 9 64 ----- 77-77 Modified formula (5) 
Exterior spans 4 to 10 feet, 
PS PS 


M Modified formula (6) 


TAES Oso Son 
Interior spans 4 to 10 feet, 

FV pee Se es 2 
4H 1.32 S+14.0 
Slabs fully restrained-—Spans less than 4 feet, 
_PYS_ 


Modified formula (7) 





M— 9.64 iy ete Modified formula (8) 
Exterior ae 4 to 10 feet, 

Masaya 0.07 P_Modified formula (9) 
Interior spans 4 to 10 feet, 

M= 7235 oT 0.07 P_Modified formula (10) 


Slabs with 50 percent end restraint (as assumed for 
condition shown by figure 4).—Spans less than 4 feet, 


Wet eS 
eee 


Exterior spans 4 to 10 fect, 


: ae PS Gay Be) af ah = 
M=5-35 S100 0.035 P_Modified formula (12) 


Interior spans 4 to 10 feet, 


Af ciate OM ren Ae aia a fh 
M= 735 $414.0 0.035 P_Modified formula (13) 


Slabs with 75 percent end restraint (as assumed for 
condition shown by figure 5).—Spans less than 4 feet, 


bare act AS 
leery 


Exterior spans 4 to 10 feet, 


PS pe 
M= 3.32 510.0 00925 -Moditied formula(15) 


Interior spans 4 to 10 feet, 


—0.035 P_____- Modified formula (11) 











—0.0525 P____- Modified formula (14) 
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PS 
1.32 S+14.0 


Table 3 gives a summary of the Westergaard formulas 
for interior and exterior spans. Table 4 gives a sum- 
mary of the modified formulas for interior and exterior 
spans. 

Ciieure 10 shows a comparison of the moment values 
by the modified and Westergaard formulas for interior 
spans, and figure 11 shows a comparison for exterior 
spans. 

Requirements at unsupported edges.—For slabs with 
main reinforcement transverse to the direction of 
traffic, where the continuity of the slab is broken, the 
edges of the slab require support by diaphragms or 
other suitable means. 


M= —0,0525 P_Modified formula (16) 


TABLE 3.—Summary of Westergaard formulas for interior and 
exterior spans 


Condition of slab at Interior spans 











support Span Exterior spans 
eet 
2 too Mos”... \stssietas ee 
Freely supported-..-._...- 2 100.1455 Se | eee eee Moz 
6.14 to 108s52| cea. eee Moz+AM;z 
20 Oe M'oz 
Fully restrained-_...------ 2 to .14 oo eee M'oz 
6.14 to 1052-2) eee M'z+AMsz 
2 tonsa Mo:+-M% | eee 
2 
ff? 
50 percent end restraint__- IN Been Met = 
5314 Conl0e.2s | eee eee Moz+M"02+2AM,z 
2 
2:t0 10oeeee =e Mizt+3M'e, | s.s2s22c oe eee 
4 
75 percent end restraint__- 210 5.142) ---a ann anean=--- Morte 
5:14.06 102s. eee ee ee Mo:+3M 0:14AM, 
4 











TABLE 4,—Summary of modified formulas for interior and 


exterior spans 





























Conditi - P 
prpedeess Span Exterior spans Interior spans 
Feet | 
PS PS 
0 to 4 | “= abs prea 
Freely supported -_____ : 
M pe i: MM: be 
4 to 10...) “= 395410 1328414 
P PVS 
0. to 4....| M= a —0.07P M=PYS_p o7p 
Fully restrained _____- 
Ato 10... M=57 sae eri0 —0.07P M= jag pig 0.07P 
Ue 
0 to 4.__. pean, 035P M= LE 035P 
50 pereent end re- 
straint. 
4 to 10__- M=pgeeecqp70.085P M= er p14 0-035P 
PVS ‘S 
0 G0 4222. Mere —0.0525P 1 ap ee —0.0525P 
75 percent end re- 
strain PS PS 
4 to 10__- M= 395410 9:0525P M= aa pr ~0.0525P 








Reinforcement in direction of y-azis.—Since the slabs 
for case II are limited to spans of 10 feet and less, the 
maximum moment MJ, in the direction of the y-axis 


will be the moment caused by one wheel load on the — 


center line of the slab for exterior spans. 


My= 


=M),—0.0676 P__.(Equation 62) 
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Fieure 10.—Comparison or Jive-Loap BrEnpINGc Moments 
IN INTERIOR SPANs PER Foor WiptH or Suasp py MopiFriep 
AND WESTERGAARD ForRMULAS, FOR SLABS Having MAIN 
REINFORCEMENT TRANSVERSE TO THE DIRECTION OF TRAFFIC, 


The maximum moment M,, in the direction of the 
y-axis for interior spans will be produced by one load on 
the center line of slab for slabs with spans less than 5.14 
feet. for slabs with spans from 5.14 feet to 10 feet, 
the maximum moment in the direction of the y-axis 
will be produced by two wheels 3 feet apart placed in 
the direction of the span. For this position of loads, 
the moment in the direction of y will be M4),+AM,,. 
Values of AM, may be obtained from figure 3. 

Figure 12 shows the maximum live-load moments 
plus impact moments in the direction of the y-axis, 
curves 1 and 2; the total moments in the direction of 
the x-axis for which the main reinforcement must be 
provided are shown by curves 3 and 4; and the ratio of 
maximum moments in the direction of y to total 
moments in the direction of x is shown by curve 5. 
Since curve 5 shows the moment in the direction of y 
expressed in percentage of the moment in the direction 
of x, the same curves could be used to determine the 
percentage of main steel to be used in the direction of y. 

The maximum percentage of main reinforcement 
required in the direction of the y-axis is shown by curve 
5, figure 12, to vary from 50 to 69 percent. For prac- 
tical application it is recommended that the following 
percentages of main reinforcement be provided per 
foot width of slab in the direction of the y-axis. 


Percentage of main 
reinforcement per foot 
width of slab 


Element of slab: 
IN Gs Koller lee W be opt (UE 0) Fayoysyale = Pe ee 65 
Oniercivarters Of slab epan 222. 2.22. .4 eel ee 45 


The reinforcement required in the direction of the 
y-axis is to be used in the bottom of the slab and is in 
addition to any temperature reinforcement used in the 
top of the slab. 

Provision for negative moments at supports —The 
modified formulas are for moments at or near the 
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50 PERCENT END RESTRAINT 
75 PERCENT END RESTRAINT 


FULLY RESTRAINED 


P=12,000 POUNDS FOR 
H-\5 LOADING 

P=16,000 POUNDS FOR 
H~-20 LOADING 


; EXTERIOR SPANS 
| —— MODIFIED FORMULAS 
-| ---WESTERGAARD FORMULAS 
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FrigurE 11.—Comparison or Livse-Loap Brenpina MomENtTS 
IN ExTEeRiorR SPANS PER Foor WiptrH or Stas BY MopIFIED 
AND WESTERGAARD FORMULAS, FOR SLABS Havina Main 
REINFORCEMENT TRANSVERSE TO THE DIRECTION OF TRAFFIC. 
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CURVES | AND 2 SHOW LIVE 
LOAD PLUS IMPACT MOMENTS 
IN DIRECTION OF y-AXIS. 
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CURVES 3 AND 4 SHOW DESIGN 
MOMENTS IN DIRECTION OF x- 
AXIS FOR WHICH MAIN REIN- 
FORCEMENT MUST BE PROVIDED 
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CURVES 5S SHOW THE RATIO OF 
CURVES | AND 2 TO CURVES 3 
AND 4 RESPECTIVELY AND REP- 
RESENT THE PERCENTAGE OF 
MAIN REINFORCEMENT REQUIRED 
FOR THE LIVE LOAD PLUS IMPACT 
MOMENTS SHOWN BY CURVES 
| AND 2. 
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AS SHOWN BY CURVES 5 


THE CURVES SHOWN ARE FOR 
FREELY SUPPORTED SLABS 
BUT ALSO APPLY TO ALL OTHER 
CONDITIONS OF RESTRAINT 
CONSIDERED IN THIS ANALYSIS, 
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RATIO (EXPRESSED AS A PERCENTAGE) OF 
(ae LOAD PLUS IMPACT MOMENT IN DIRECTION OF y — 





TOTAL DESIGN MOMENT IN DIRECTION OF x AXIS 
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MOMENT -FOOT-KIPS PER FOOT WIDTH OF SLAB FOR CURVES |, 2,3, AND 4 
























































2 4 6 8 10 
EFFECTIVE DESIGN SPAN - FEET 
Figure 12.—PrrRcentTaGce or Main REINFORCEMENT REQUIRED 
IN BorroM oF SLABS IN DIRECTION OF THE y-AXIS, FOR SLABS 
Havine Marin REINFORCEMENT TRANSVERSE TO THE DIREC- 
TION oF TRarrFic. (Also see tabulation on p. 155.) 


center line of the span. ‘The bridge floor slabs, except 
those freely supported, are designed to have practically 
the same moment of resistance (negative) over the 
supports as (positive) at the middle of the span. 

Cantilever slabs —The modified formulas developed 
in this analysis apply only to slabs adequately supported 
at the sides and ends and do not apply to cantilevered 
portions of slabs or where cantilevered portions affect 
the slab. 
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Part 3-DESIGN OF REINFORCED CONCRETE BRIDGE FLOOR SLABS BY MODIFIED FORMULAS 


Case I.—Modified formulas will be applied in the 
design of reinforced concrete bridge floor slabs with 
main reinforcement parallel to the direction of traffic. 

The 1935 specifications of the American Association 
of State Highway Officials will be used, modified as 
follows: 

Live load moments are computed according to modi- 
fied formulas as shown in table 5. 

The outer edges of the slab shall be supported by a 
beam or extra slab width capable of resisting live-load 











TasBLe 6.—Live load moments in foot-pounds per foot width of slab 


Controlling conditions: 
H-15 loading. 
P=12,000 pounds. 
Case I.—parallel reinforcement. 
Modified formulas. 
Freely supported. 
Slabs continuous. 
Slabs monolithic. 
Fully restrained. 






























































dge support moment Mg, live-load impact and dead- a Slabs contin- | Slabs monolith- 
4 o PP = p Condition at ieee ae? uous, 50 percent| ic, 75 percent | Fully restrained 
loa moment. support porte end restraint | end restraint 
Unit stresses: f’,=3,000 pounds per square inch; 
f:=18,000 pounds per square inch; f,=800 pounds per | giap 
oe | 50 PS PS PS PS 
square inch; n=12. sper | yo | Mee a Ve Mo— 
S, |*=ias+6) “4 “0.668+12.4 0.66S-F17.05|-" ~ 0.60S+20.16 0.60824, 
Live load: H-15 and H-20 truck train loading, on | feet ile rs ss a B= 
two adjacent lanes for all roadway widths. —_—|—_—___|__— — ; 
Symbols used ars defined as iollows: x . mu | Gea] ue | GR) me 1 eR) eee 
S=Effective design span in feet. 
W=Dead load per square foot of slab. 2.0 0.394] 1,750] 2,440] 1,310] 1,830] 1,120] 1,560 920 | 1,280 
P=Wheel load=12,000 pounds for H-15 and 2.5 .392 | 2,140 | 2,980} 1,600 | 2,230] 1,380] 1,920] 1,130] 1,570 
3.0 "391 | 2510 | 3,480] 1,890| 2,630] 1,630 | 2,270| 15340] 1,865 
16,000 ounds for H—-20 loading. 3.5 "390 | 2'850 | 3,960] 2,170) 3,020] 1/870| 2,600] 1/550| 2 150 
? 
8) a) 2s] 18s] oe ee ae 
50 4.5 :3868| 3, '230 | 1.950 | 2, 700 
hed = 5.0 "385 | 3,830 | 5,300] 2,950] 4,090] 2.560 | 3,540] 2140] 2,965 
I=Impact factor= 125-98 5.5 "383 | 4,110 | 5,680] 3,190| 4,410] 2,770] 3,830] 2,330] 3,220 
< 6.0 -382 | 4,400 | 6,080] 3,430 | 4,740 | 2,990] 4130/ 2510) 3,470 
" : 6.5 "380 | 4,680 | 6, 3,650 | 5, 3,190 | 4.400] 2680] 3,700 
M=Maximum live load moment. 7.0 379 | 4,940 | 6,810] 3,870] 5,340] 3,390] 4,670| 2,850] 3,930 
M ny Fert ho ee 7.5 "377 | 5,180 | 7,140] 4,090] 5,630] 3.590 | 4,950] 3,030] 4,170 
(1.0+-J)=Live load+impact moment. 8.0 -376 | 5,430 | 7,460] 4,300] 5,920] 3,780 | 5,200] 3,200| 4,400 
M,= eee ae Dead load moment+ | $5] :33| &800| Soss| 4.700 | 01430| 4'130| S670 | 3.520| 4830 
; ; 9.5 372 | 6,100 | 8,370| 4.890| 6,710) 4.310 | 5,920] 3,670| 5,040 
: . eS ie 10.0 370 | 6,310 | 8,645] 5,070] 6,950| 4,480 | 6,140| 3,820] 5,240 
M,=Live-load moment in foot-pounds distributed to | 110 368 | 6,700 | 9,165| 5,420| 7,420| 4810 | 6,580] 4,130 | 5,650 
12.0 365 | 7,090 | 9,680| 5,770 | 7,870| 5,130] 7,000| 4.400] 6,010 
edge support. ; : 13.0 362 | 7,440 | 10,140] 6,080 | 8,290] 5,410 | 7,370] 4,660 | 6,350 
M;(1.0+1)=Live load+impact moment in foot- | 140 B80 | ©7700 | 10, 58 | “6, 200158, 600,15 700) 276 
pounds distributed to edge support. 16.0 355 | 8,360 | 11,330| 6, 950 9,420 | 6,240 | 8,460] 5,430| 7,360 
: EH EEG 352 | 8,630 | 11,670} 7,210] 9,760] 6,500 | 8,780| 5,670| 7,660 
All moments except for Mz (edge support) are in foot cs or | Seco | 1200 | vaso | 10080 | 6700 | oro | ese 
pounds per foot width of slab. 19.0 ee 12,330 | 7,700 | 10, 380 | 6,950 | 9,370] 6,110) 8.230 
20. 1345 70 | 12, 7, 10,6 9,640 | 6,320] 8, 
For values of live-load moments in foot-pounds per | 210 "342 | 9,600 | 12,880 | 8,140 | 10,940| 7,390 | 9,900| 6,530 8 760 
foot width of slab by above formulas, see tables 6.and 8. | 29) -330| 28m) te et | eee | aso | yoo | a0c4a0 |e enone 
For values of live-load moments distributed to edge | 24.0 336 | 10, 200 | 13,630} 8,740 | 11,700 | 7,980 | 10,660} 7,060 | 9, 440 
support, see tables 7 and 9 25.0 "333 | 10,380 | 13,840 | 8,930 | 11,920] 8,160 | 10,880| 7,270] 9,700 
=) . } 
Tables 10 to 17 show design moments, dimensions 
nd reinforcement of slabs for case I. 
TABLE 5.—Summary of modified formulas for case I 
; Live load 
Percent- Live load 
; ; age of moments per Pert a Dead 
Type of slab Requirements regarding slab and supports end re- | foot width of c load 
straint slab, to once moment 
assumed davies ’ 
E 
82 
Freely supported -..-.- Single spans! Sassen ees ea oo Be ee es a Ae Bey oe are Sig SF 0\, O68 a SH q |p 0.01 Ps? —“ 
Slabs continuous---._.- Reinforced concrete slabs bearing on 3 or more supports and continuous over 2 or more panels-_-- 50 Listes 


Slabs monolithic-_-_____ 
panels. 





Fully restrained 


Reinforced concrete s!abs built monolithic with 3 or more supports and continuous over 20rmore }) 


et a 2 TESCO DiLOUAl CASOSION LY See es ee ee eee Se Oe ee ee 1 


o 


0.66 Tosa 15 
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{ } { 
{ omserm } 0.008 Pst { 10 
75 |{ } { 
{ } { 


0.66 oe 8 
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TABLE 7.—Live load moments in foot-pounds distributed to edge 





supporis 
Controlling conditions: 
H-15 loading. 
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slab—Continued 











TaBLE 8.—Live load moments in foot-pounds per foot width of 




































































a Slabs mono- 
P= 12,000 pounds. — Condition at | Freely sup- | Slabscontinu: | jithic, 75 per- | Fully re- 
Case I.—paralle! reinforcement. support ported end restraint | cent end re- strained 
Modified formulas. straint 
Freely supported. 
Slabs continuous. Slab 
Slabs monolithic. SPAN pape: ape ee ape ee ag eee ee ee 
Fully restrained. S, 125+8 0.66S-+12.4 0.66S-+17.05 0.66.S-+-20.18 0.66S-+24.8 
Condition at Freely sup- | Slabs continu- lithic oe Fully re- Ss ie M Mx M MX n Mx Mx 
support ported ous, 50 percent | “cent end re- strained 7 (1.0+D} ~ (1.042) ~ 2 (1.0-+-1) POG FI) 
end restraint erate 
7.5 | 0.377 6,910 | 9,520] 5,450] 7,510} 4,790 | 6,600] 4,040] 5.560 
Slab 8 0} .376 7, 240 2 940 | 5,730 | 7.900] 5,040 | 6,930] 4,260 | 5.860 
) 3. 1375 8,; 5, 2 : 
sin l=aEE5 Mx=0.01 PS? | Mx=0.008 PS? | .Mx=9.007 PS?|} Mx=0.005 PS? 90 | 1373 | 7 si0 | 10,770 | 6270 | 8.600 | sisi0| 72500] 4/090 | 6.440 
2 5 : 372 8, 140 11, 150 | 6,520| 8,940] 5,750] 7,890] 4,900] 6,720 
: ; 1,520 | 6,760] 9,260] 5,970] 8,180] 5,100] 6,980 
— 11.0] .368 8,940 | 12,210 | 7,220] 9,900] 6,410] 8770] 5,500| 7,540 
12.0] .365 9,450 | 12,900 | 7,690 | 10,490 | 6,840] 9,330] 5,870] 8,020 
Ss I Me | ery) Me | Gee] Mee | a] Ma | ER | 13:0] $362 | 9,920 | 13,520 | 8; 100 | 11,050 | 7,210 | 9,830 | 6,230 | 8,460 
: ; ; 14. 0 : 360 10, 350 14, 060 | 8, 520 11,580 | 7,600 | 10,330 | 6,590 | 8,960 
ade eS es : £35 ;750 | 14,610 | 8,890 | 12,080 | 7,970 | 10,800 | 6,910} 9,370 
16. : 2 2 
2.0] 0.304] 480] 670! 385| 535] 335] 470| 240] 335 | 170] i852 | ar’si0 | i2'550 | soo | 13,000 | 8670 | 117700 | 7560 | 10210 
2.5 . 392 750 | 1,045 600 835 525 730 375 525 | 18.0 350 | 11,850 | 16,000 | 9,950 | 13,440 | 8,960 | 12,090 | 7,850 | 10,590 
3.0 391 | 1,080 | 1,500 865 | 1,200 759 | 1,050 540 750 19.0 | .347 | 12) 200 | 16, 440 | 10,270 | 13840 | 9260 | 12,490 | 8,140 | 10, 960 
3.5 390 | 1,470] 2,040} 1,175] 1,640] 1,030| 1,425 7351! 1,020 | o.0] ° 9 2 : Ae : 3 ‘ : 
l ‘ 42 ; 345 | 12,490 | 16,800 | 10,570.| 14,230 | 9,570 | 12,850 | 8,430 | 11,330 
4.0 -888 | 1,920 | 2,665 | 1,540 | 2,125] 1,345) 1,865 960 1, 330 21.0 . 342 12,800 | 17,180 | 10,850 | 14,580 | 9,860 | 13,200 | 8, 700 | 11, 680 
4.5 386 | 2,430 | 3,370] 1,945 | 2700] 1,700] 2.365] 1,215] 1,690 32:0 ; a d ? eee : I oe ? 
3 2 22. 340 | 13,080 | 17,540 | 11,130 | 14° 910 | 10,130 | 13,570 | 8, 960 | 12,000 
5.0 -885 | 3,000 | 4,160 | 2,400 | 3,325] 2,100] 2,919} 1,500} 2,080 23.0 . 338 13, 330 | 17,830 | 11,410 | 15,280 | 10,380 | 13,900 | 9, 200 | 12,310 
5.5 383 | 3,630] 5,030] 2,900] 4,025 | 2,540] 3,515] 1,815] 2,510 24.0 | 1336 | 13,600 | 18,170 | 11,650 | 15,600 | 10,640 | 14,210 | 9,410 | 12’ 580 
6.0 882 | 4,320] 5,975] 3,465] 4,775| 3,025] 4,185) 2,160] 2,990 | 95.0 333 | 13,830 | 18/450 | 11,910 | 15,900 | 10,880 | 14,500 | 9, 700 | 12930 
6.5 ‘380 | 5,070 | 7,000 | 4,065] 5,600] 3,550] 4,900] 2,535] 3,590 | ~ ; oo : xf ; iS : : 
7.0 :379 | 5,880} 8,110] 4,700] 6,475] 4,125| 5,675| 2,940 | 4,050 
c 75 . . . . 
es a te i, 10) 560 e140 GOR Bab 400 3 840 os TABLE 9.—Live load moments in foot-pounds distributed to edge 
8.5 .375 | 8,670 | 11,920] 6,940] 9,550] 6,075| 8,350] 4,335] 5,960 supports 
9.0 . 373 2 720 13, 330 7,770 | 10,680 | 6, 800 2 350 | 4,860 6 660 
: . 372 | 10, "850 | 8,670 | 11,880 | 7,570 | 10,400 | 5, 415 "430 . Ti ea 
10.0 “370 | 12,000 | 16,440 | 9,600 | 13,150 | 8,400 | 11,500 | 6,000] 8,220 Controlling conditions: 
11.0 .368 | 14,520 | 19,880 | 11,620 | 15,890 | 10,170 | 13,920] 7,260] 9,940 H—20 loading. 
12.0 .365 | 17,280 | 23,620 | 13,820 | 18,880 | 12,100 | 16,530 | 8,640] 11,810 P=16,000 pounds. 
13.0 +362 | 20, 280 | 27,630 | 16, 250 | 22,100 | 14, 180 | 19,350 | 10,140] 13, 820 Cases araliel arnt t 
14.0 :360 | 237 520 | 32,000 | 18,820 | 25, 600 | 16, 460 | 22,370 | 11,760 | 16,000 yon y ee alte ke 
15.0 357 27, 000 | 36, 640 | 21, 620 | 29, 280 | 18,880 | 25,620 | 13,500 | 18,320 poaueg formulas. 
16.0 "355 | 30,720 | 41,640 | 24,570 | 33,300 | 21,500 | 29,100 | 15.360 | 20, 820 Freely. supported. 
17.0 - 352 | 34,680 | 46,890 | 27,750 | 37,500 | 24,320 | 32,850 | 17,340 | 23, 450 Sree Pci ae 
18.0 * 350 | 38,880 | 52,500 | 31,120 | 42,000 | 27, 250 | 36,750 | 19,440 | 26, 250 Poe es 
19.0 . 347 | 43,320 | 58,400 | 34,660 | 46,700 | 30, 360 | 40,850 | 21,660 | 29, 200 Slabs monolithic. 
20.0 *345 | 48,000 | 64, 600 | 38,370 | 51,650 | 33,600 | 45,209 | 24,000 | 32, 300 Fully restrained. 
21.0 "342 | 52,920 | 71,000 | 42,380 | 56,760 | 37,060 | 49,750 | 26,460 | 35, 500 ; 
22.0 .340 | 58,080 | 77,800 | 46, 480 | 62, 280 40, 700 oA, 500 | 29,040 38, 900 
93.0 :338 | 63, 480 | 85,000 | 50,750 | 68,000 | 44,450 | 59, 500 | 31, 740 500 ; Es Be rete D 
24.0 | 336 | 69.120 | 92° 400 | 557350 | 73,880 | 48° 360 | 64, 700 | 34,560 | 46,200 | Condition at | Freely sup- | SQPE continue | hah mono” eully restrained 
25.0 . 333 | 75,000 |100,000 | 60,000 | 89,000 } 52,500 | 70,000 | 37,500 | 50,000 support ported Be eG rRIGe | Pan cnceeonine 
TaBLE 8.—Live load moments in foot-pounds per foot width of slab | gjap 
j boat span|,__4 a & aero = bs 
Genvolling conditions: T= qerg| Mx=0.01 PS1| Mz=0.008 PS*) Mz=0.007 PS'| Mx=0.005 PS? 
H-20 loading. fee 
P = 16,000 pounds. — — 
Case I—parallel reinforcement i 
‘ ° MEX MrX MX MrX 
Modified formulas. 8 I Mr \iotn) ™* |aotn| “@* |aotn| 8 |(1.0-tn 
Freely supported. : 
Slabs continuous 
pe es 2.0 0.394 640 890 510 710 40 625 320 448 
Slabs monolithic. 2.5 -392 | 1,900} 1,390] 800] 1,115| 700} 975] — 500 695 
Fully restrained. 3.0 391 | 1,440 | 2,000 | 1,150} 1,600] 1,005 | 1,400 720 | 1,000 
3.5 390 | 1,960 | 2,730| 1,560 | 2,180] 1,370] 1,995 980 | 1, 365 
= ~ 4.0 388 | 2.560 | 3,550 | 2,050 | 2,840 |° 1,795 | 2/490] 1,280] 1.775 
a : ip see a aes 3, a 4, 500 2, 585 | 3,600] 2,265] 3,150] 1,620 2, 250 
' Sr ee alsa ate Slabs continu- sthic) 75 Der- Fully re- 6 - 385 f 5, 540 » 200 4,425 | 2,800 3,875 | 2,000 Z Lio 
ee tae ee rely SUD" | ous, 50 peroant)| Tene andre: Boy: 5.5 :383 | 4/840} 6,700] 3,875 | 5,365] 3,390] 4,690] 2,420] 3,350 
end restraint tnd 6.0 ; 382 5,760 | 7,970 | 4,610 | 6,380 | 4,040 | 5,535 | 2,880 | 3,990 
err 6.5 380 | 6,760 | 9,340} 5,410 | 7,480] 4,740 | 6,540] 3,380 | 43670 
é 7. 0 : 370 7 820 10,800 | 6,250 | 8.640] 5,480] 7,560 | 3,910] 5,400 
; Lat 000 | 12,400 | 7,200 | 9,930] 6,300 | 8,670] 4,500] 6,200 
Slab ne ae PSs 8.0 . 376 | 10,240 | 14,980 | 8,200 | 11,260] 7,175] 9,850] 5,120 7,040 
span | ;___50 M= PS ye PS = ee 8.5 .375 | 11,580 | 15,900 | 9,250 | 12,720 | 8,100 | 11,130] 5,790 7, 950 
e. 1254S 0.66S+12.4 0.66S--17.05 0.66S-+20.15 0.66S-+-24 8 9.0 ; 373 12, 960 17, 800 10, 380 | 14,250 | 9,070 | 12460] 6,480] 8,900 
372 | 14, 19,800 | 11,550 | 15,830 | 10,110 | 13,880 | 7,220] 9,900 
10.0 .370 | 16,000 | 21,910 | 12,820 | 17,530 | 11,200 | 15,330] 7,990 | 10,960 
aa <a 11.0 ~ 268 | 19,280 | 26,500 | 15,500 | 21,180 | 13,560 | 18,580 | 9,690 | 13,250 
s I ue | Mx ue | atx um | Mx Pps Abb 12.0 +365 | 23,970 | 31,480 | 18,440 | 25,150 | 16,150 | 22,030 | 11,530 | 15, 750 
(1.0-+D (1.0+D (1.042) (1.0+D 13.0 , 362 | 27,040 | 36,860 | 21,620 | 29,500 | 18,940 | 25,780 | 13,520 | 18, 430 
_— 14.0 - 360 31, 370 42, 620 | 25,120 | 34,140 | 21,940 | 29,870 | 15,680 | 21,320 
ee oe +35 48,810 | 28,780 | 39,020 | 25,240 | 34,180 | 18,000 | 24, 429 
2.0} 0.394 2,330 | 3,250] 1,750 | 2,440] 1,490] 2,080] 1,230] 1,710 | 16.0 355 | 40,980 | 58, 500 | 32,750 | 44,380 | 28, 680 | 38, 880 | 20,480 | 27, 750 
2.5 | .392 2/350 | 3,970} 2,130] 2,970] 1,840] 2,580] 1,510] 2100 | 17.0 - 352 | 46, 250 | 62,500 | 37,000 | 50,000 | 32,380 | 43,750 | 23,120 | 31, 250 
3.0} .391 3/340 | 4,640 | 2,520 | 3,510] 2,170 | 3,030] 1/790} 23490 | 18-0 .350 | 51,880 | 70,090 | 41,500 | 56,040 | 36,300 | 49,000 | 25,920 | 35,000 
3.5] .390 3,300 | 5,280 | 2,890} 4,030 | 2,490} 3,470] 2:070| 2870 | 19.0 .347 | 57,760 | 77,800 | 46,200 | 62,260 | 40; 440 | 54,500 | 28,860 | 38, 990 
£0 0 3/950 | 4520 | 2/800] 3,890 , 20.0 ~345 | 64,000 | 86,000 | 51, 200 | 68,86u | 44,800 | 60, 269 | 32,000 | 43, 090 
. 388 4,250 | 5,900 | 3, 4 : 2,330 | 3, 240 
4.5 . 886 4, 690 6, 500 Bh 600 4, 980 3; 110 4, 310 Bt 590 3, 600 21.0 - 342 70, 500 94, 680 56, 450 75, 760 49, 400 66, 300 35, 260 47, 350 
5.0 | .385 5,100 | 7,060] 3,930 | 5,450] 3,410 | 4,720] 2,850] 3,950 | 22.0 .340 | 77,500 1103, 800 | 62,000 | 83,050 | 54,260 | 72,750 | 38,760 | 51, 900 
55 | 2383 5/490 | 715801 4,250] 5/880 | 3,700| 5,110] 3,100] 4090 | 23-0 ~ 338 | 84, 600 |113, 300 | 67,750 | 90,700 | 59,260 | 79,300 | 42,300 | 56, 620 
6.0 “382 5,870 | 8,110 | 4,570 6, 320 3,980 | 5,500 | 3,340 4, 630 24.0 . 836 | 92,100 |123, 300 | 738,700 | 98, 500 | 64, 500 | 86, 300 | 46, 100 61, 620 
6.5 - 380 6,240 | 8,620 | 4,870 6,720 | 4,250 | 5,860] 3,580] 4,930 25.0 . 333 |100, 000 |133, 200 | 80,009 |106, 600 | 70,000 | 93, 300 | 50,000 66, 620 
7.01 .379 6,570 | 9,080 | 5,160! 7,120| 4,520! 6,220} 3,810 | 5,240 
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TaBLE 10.—Design moments, dimensions, and reinforcement of slabs for the following conditions } 


Controlling conditions: 
H-15 loading. 
Case I—parallel reinforcement. 
Freely supported slabs. 
All truck lanes. 
Paving allowance 25 pounds per square foot. 
Modified formulas. 
A,=Area of tension reinforcement. 
d =T—1.25 inches for bars % inch and under. | 
d =T—1.50 inches for bars over % inch. 
All bars to be hooked at ends. | 


REINFORGED CONCRETE BRIDGE FLOOR SLABS 











SLAB SPAN = S$ 












































Dead Joad Unit stress 
Slab Slab “ Bar space | ™oment, . ; 
span S | depth 7 | Bar size? | center-to- Ws M (1.0+2) Mi As ?p I j 
center 8 ie 2 
| 
Feet Inches Inch Inches Ft- lb. Ft.-lb. Ft.-lb. Sq. in Lb./sq. in. | Lb./sq. in. 
2 5.75 14R 5.5 40 2, 440 2, 480 - 48 0. 0079 0. 351 0. 883 17, 400 790 
3 6. 75 %R 7.5 120 3, 480 3, 600 49 . 0074 . 842 . 886 18, 100 780 
4 7. 50 KR 6.5 240 4, 430 4, 670 gave . 0076 . 345 . 885 17, 750 780 
5 8.0 5gR 5.6 390, 5, 300 5, 690 . 67 . 0083 . 858 . 881 17, 200 795 
6 8.5 5a R 5.0 690 6, O80 6, 676 . 74 . 9085 . 361 . 880 17, 100 800 
7 9. 25 4R 5.0 860 6, 810 7, 670 . 74 . 9077 . 347 , 884 17, 700 780 
8 9.5 SER 4.5 1, 150 7, 460 8, 610 . 82 . 0083 . 358 . 881 17, 400 805 
9 19, 25 4 R 4.5 1, 550 8, O85 9, 685 . 82 . 2076 ~ 245 . 885 17, 700 736 
10 10. 75 34 R 6.0 2, 000 8, 645 10, 645 . 88 . 9080 . 003 . 882 17, 800 810 
i 11.0 34 R 5.5 2, 455 9, 165 1), 620 . 96 . 0084 . 360 . 880 17, 350 810 
12 12.0 %R 5.5 3, 150 9, 680 12, 830 . 96 . 0076 345 . 885 17, 259 760 
13 12.0 wRR 7.0 3, 700 10, 140 12, 840 1.03 . 0082 . 356 . 881 17, 500 809, 
14 12.5 KR 7.0 4, 440 10, 550 14, 999 1.038 . 0078 . 349 . 884 18, 000 800 
15 13.0 wR 6.5 5, 290 10, 960 16, 250 tee . 0080 SBE . 882 17, 200 790 
16 13. 6 WR 6.5 6, 210 11, 330 17, 540 a . 9077 . 347 . 884 17, 900 795 
17 14.0 KBR 6.0 7, 230 11, 670 18, 900 1, 20 . 0089 . 33 . 882 17, 100 780 
18 14.5 aR 6.0 8, 350 12, 000 20, 350 1. 20 0077 347 . 884 17, 700 785 
19 15,0 TR 7.5 9, 620 12, 330 21, 950 1. 26 . 0078 . B49 . 884 17, 500 780 
20 15.5 i ake 7.5 10, 950 12, 600 23, 550 1. 26 . 0075 . 844 . 886 18, 100 790, 
21 16.0 1R 7.0 12, 400 12, 880 25, 280 1.35 . 0077 . BAT . 884 17, 600 785 
22 16.5 I aRe 7.0 13, 980 13, 150 27, 120 1.35 . 0075 . 844 . 886 18, 150 795 
23 17.9 LEY 6.5 15, 720 13, 370 29, 090 1,45 . 0078 . 349 . 884 17, 600 780 
24 17.5 1h age 6.5 17, 570 13, 680 31, 200 1. 45 . 0076 . 345 . 885 18, 200 809 
25 18.0 1R 6.0 19, 530 18, 849 33, 370 on . 0079 . 851 . 883 17, 500 790 























1 See table 2 for reinforcement transverse to the main reinforcement and table 7 for edge support requirements, 
2In this and subsequent tables R is used to designate round bars. 


TABLE 11.—Design moments, dimensions, and reinforcement of slabs for the following conditions } 


Controlling conditions: 
H-15 loading. 
Case I—parallel reinforcement. 
Freely supported slabs. 
All truck lanes. 


REINFORCED CONCRETE BRIDGE FLOOR SLABS 





hes 






































- Paving allowance, 75 pounds per square foot. 
=eie Modified formulas. 
A,= Area of tension reinforcement. 
d= T—1.25 inches for bars % inch and under. 
SLAB SPAN = §.§ ————————— d= T—1.50 inches for bars over % inch. 
All bars to be hooked at ends. 
Slab Slab Bar space pee oe Unit stress 
span depth Bar size | center-to- Ws? M (1.0+-7) M, As p k j oF ia 21 NE ee 
S GE center fas 
8 ip Ie 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in Lb./sq. in. | Lb./sq. in. 
2 5.75 wR 5.5 70 2, 440 2, 510 0.43 0.0079 | 0.351 | 0.888 17, 600 800 
3 6.75 54R 7.0 180 3, 480 3, 660 53 0080 . 353 . 882 17, 100 780 
4 7.50 56 R 6.5 340 4, 430 4, 770 57 _ 0076 345 . 885 18, 200 800 
5 8. 25 5gR 5.5 560 5, 300 5, 860 . 67 0080 . 353 . 882 17, 000 770 
6 8.75 5 R 5.0 830 6, 080 6, 910 .74 . 0082 . 356 . 881 17, 000 780 
7 9.5 5B R 5.0 1, 190 6, 810 8, 000 aT 0075 B44 . 886 17, 750 775 
8 9.75 56 R 4.5 1, 570 7, 460 9, 030 .82 . 0980 . 353 . 882 17, 600 800 
9 10.5 34 R 6.0 2, 085 8, 085 10, 170 .88 . 0082 . 356 . 881 17, 500 800 
10 11.0 34 R 5.5 2, 655 8, 645 11, 300 . 96 0084 . 360 . 880 16, 900 790 
11 11.5 84 R 5.5 3, 315 9, 165 12, 480 . 96 0080 . 353 882 17, 700 805 
12 12.0 %R 7.0 4, 050 9, 680 13, 730 1.03 . 0082 . 356 881 17, 300 795 
13 12.5 wR 7.0 4, 880 10, 140 15, 020 1,03 . 0078 . 349 . 884 18, 000 805 
14 13.0 %R 6.5 5, 830 10, 550 16, 380 iil! 0080 353 . 882 17, 500 795 
15 13.5 wR 6.5 6, 860 10, 960 17, 820 1. 0077 347 . 884 18, 200 805 
16 14.0 wR 6.0 8, 000 11, 330 19, 330 i is . 0080 . 353 . 882 17, 550 800 
17 14.5 uR 6.0 9, 250 11, 670 20, 920 1.20 .0077 . 347 . 884 18, 200 805 
18 15.0 1R 7.5 10, 650 12, 000 22, 650 1.26 . 0078 .349 . 884 18, 100 805 
19 15.5 1R 7.0 12, 140 12, 330 24, 470 1.35 . 0080 . 353 882 17, 600 800 
20 16.0 1R 6.5 13, 750 12, 600 26, 350 1.45 . 0083 . 358 . 881 17, 100 795 
21 16.5 1R 6.5 15, 480 12, 880 28, 360 1.45 . 0081 . 354 . 882 17, 800 810 
22 17.0 1R 6.0 17, 390 13, 150 30, 540 1.57 . 0085 . 361 . 880 17, 100 800 
23 17.5 IR 6.0 19, 440 13, 370 32, 810 1.57 . 0082 . 356 .881 17, 700 810 
24 18.0 1R 5.5 21, 600 13, 630 35, 230 1.71 . 0086 . 363 . 879 17, 000 805 
25 19.0 1R 5.5 24, 460 13, 840 38, 300 1.71 . 0082 356 . 881 17, 400 800 





























1 See table 2 for reinforcement transverse to the main reinforcement and table 7 for edge support requirements. 
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TABLE 12.—Design moments, dimensions, and reinforcement of slabs for the following conditions ! 











REINFORCED CONCRETE BRIDGE FLOOR SLABS BEARING ON 3 OR ” Controlling conditions: 
MORE SUPPORTS AND CONTINUOUS OVER 2 OR MORE PANELS - H-15 loading. 
pata a i Case I—parallel reinforcement. 
Te — Slabs continuous. : 





50 percent end restraint. 
All truck lanes. 
Paving allowance 25 pounds per square foot. 
Modified formulas. 
A,=Area of tension reinforcement. 
A’,=Area of compression reinforcement. 
d= T—1.25 inches for bars % inch or under. 
d= T—1.50 inches for bars over 5 inch. 
All bars to be hooked at ends. 


Pee ena SPAN en 
S22 OR CS +7) 


a Z= C.T0 C. SUPPORTS Se 


Spans 2 to 3.5 feet, inclusive, A’;= As, bars not bent. 
Spans 4 to 10 feet, inclusive, A’;=0.5 As, bars bent as shown. 





















































Slab Slab Bap | Bar spaces |-vend load - Unit stress 
span depth are center-to- Ws M (1.0+2) M: File p & k j — 
S dh center d 
10 fs fe 
Feet Inches Inch Inches Fi.-lb Ft.-lb. Ft.-lb. Sq. in. Lb./sq.in. Lb./sq. in. 
2.0 5. 25 wR 6.5 35 1, 830 1, 865 0. 36 Ox007oeoneee face 0. 344 0. 886 17, 500 770 
2.5) 5.76 % R 6.0 60 2, 230 2, 290 . 39 . 0072 0, 333 . 338 . 887 17, 600 750 
3.0 6.0 YR 5.5 90 2, 630 2, 720 43 . 0075 316 . 338 . 880 18, 200 770 
3.5 6. 25 54gR 7.5. 130 3, 020 3, 150 49 . 0082 . 300 . 346 . 872 17, 700 780 
4.0 6.5 54BR 7.0 170 3, 390 3, 560 - 53 - 0084 . 286 sao2 . 875 17, 550 795 
4.5 6.75 5 R 6.5 220 3, 740 3, 960 mou . 0086 ~ 210 ,o08 . 872 17, 350 795 
5.0 7.0 sR 6.0 280 4,090 4, 370 . 61 . 0088 . 261 2000 . 871 17, 100 790 
6.5 7.25 4R 6.0 350 4, 410 4, 760 . 61 . 0085 . 250 . 350 a2 17, 800 800 
6.0 7.5 5R 6.5 430 4, 740 5, 170 . 67 . 0089 . 240 «300 Sil 17, 000 780 
6.5 tel 52R 5.5 520 5, 040 5, 560 . 67 . 0086 Bai 349 . 873 17, 600 785 
er) eth 5g R 5.0 600 5, 340 5, 940 . 74 . 0095 - 201 . d61 , 868 17, 050 805 
1683 8.0 54R 5.0 700 5, 630 6, 830 74 . 0091 woes » 300 871 17, 450 805 
8.0 8.25 4 R 5.0 820 5, 920 6, 740 74 . 0088 . 214 . 350 . 873 17, 900 805 
8.5 8.5 54g R 4.5 950 6, 190 7, 140 . 82 . 0094 . 207 . 308 . 870 16, 600 770 
9.0 8.5 5% R 4.5 1, 060 6, 450 7, 510 . 82 . 0094 . 207 . 308 . 870 17, 400 810 
9.5 8.75 54BR 4.5 1, 210 6, 710 7, 920 - 82 . OO9L . 200 - 308 . 872 17, 700 805 
10.0 9.0 54g R 4.5 1, 380 6, 950 8, 330 . 82 . 0088 . 194 . 348 - 874 18. 000 800 
11.0 9.5 34 R 6.0 1,750 7, 420 9, 170 - 88 . 0092 . 188 . 353 - 873 17, 900 810 
12.0 9.75 34 R 5.5 2, 120 7, 870 9, 990 - 96 . 0097 . 182 . 359 eneypl 17, 400 810 
13.0 10. 25 34 R 5.5 2, 590 8, 290 10, 880 . 96 . 0092 ely .ooL ~ 875 17, 800 800 
14.0 10.5 IR 7.0 3, 060 8, 690 11. 750 1.03 . 0095 . 167 . 356 . 874 17, 400 800 
15.0 11.0 IR a0) 3, 670 9, 060 12, 730 1.03 . 0090 . 158 348 . 878 17, 800 790 
16.0 11.5 YR 7.0 4, 330 9, 420 13, 750 1.03 . 0086 . 150 . 341 - 882 18, 150 785 
17.0 11.5 KBR 6.5 4, 880 9, 760 14, 640 ileal . 0092 . 150 . 350 . 879 18, 000 805 
18.0 12.0 BR 6.0 5, 680 10, 080 15, 760 1. 20 . 0095 . 148 arte} . 878 17, 100 775 
19.0 12.0 ib es 7.5 6, 3380 10, 380 16, 710 1, 26 . 0100 - 148 . 308 877 17, 300 805 
20.0 12.5 ilewdna “5 7, 200 10, 670 17, 920 1. 26 . 0095 . 186 ~o02 . 879 17, 700 800 
21.0 13.0 I ike VERS 8, 270 10, 940 19, 210 1. 26 . 0091 . 180 . 346 . 882 18, 100 795 
22.0 13.0 it gs 7.0 9, O80 11, 190 20, 270 135 . 0098 . 130 354 . 880 17, 800 810 
23.0 1355 EY 760) 10, 250 11, 460 21, 710 HESS: . 0094 Ss . 348 . 884 18, 200 810 
24,0 14.0 ib ig 6.5 11, 5380 11, 700 23, 230 1.45 . 0097 . 120 aahiy) . 883 17, 400 790 
25.0 14.5 1: 6.5 12, 880 11, 920 24, 800 1.45 . 0093 + L115 347 . 885 17, 800 780 






































| See table 2 for reinforcement transverse to main reinforcement and table 7 for edge support requirements. 


TaBuE 13.— Design moments, dimensions, and reinforcement of slabs for the following conditions ! 


Controlling conditions: 

H-15 loading. 

Case I—parallel reinforcement. 

Slabs monolithic. 

75 percent end restraint. 

All truck lanes. 

Paving allowance 25 pounds per square foot. 

Modified formulas. 

A,= Area of tension reinforeement. 

A’,= Area of compression reinforcement. 
d= T—1.25 inches for bars % ineh or under. 
d= T—1.50 inches for bars over % inch. 

All bars to be hooked at ends. 


REINFORCED CONCRETE BRIDGE FLOOR SLABS BUILT MONOLITHIC WITH 
3 OR MORE SUPPORTS AND CONTINUOUS OVER 2 OR MORE PANELS 





Spans 2 to 3.5 feet inclusive, A’,= As, bars not bent. 
i =4 
0 


Spans 4 to 10 feet inclusive, A’;=0.5 A,, bars bent as shown. 



























































Slab Slab Bar Dead load - Unit stress 

i nae Bar space moment : ‘ 2 

span dept h Sa) fr ea. Wee M(L.0+D M A; D 7 k j 

center ~10— fe fe 

Feet Inches Inch Inches Ft.-lb Ft.-lb. Ft.-lb. Sq. in Lb./sq. in, Lb./sq. in. 
2.0 5.0 RR 7.0 30 1, 560 1, 590 0. 34 O} 0075 eee eee = 0. 344 0. 886 16, 900 750 
2.5 5. 25 wR 6.0 60 1, 920 1, 980 .39 BOOST eae eee . 354 . 882 17, 300 790 
3.0 5.75 wR 6.0 90 2, 270 2, 360 . 39 . 0072 0. 333 . 338 . 887 18, 200 775 
3.5 6.0 w%R 5.5 120 2, 600 2, 720 - 43 . 0075 - 316 . 338 . 880 18, 200 770 
4.0 6. 25 542 R 7.5 170 2, 920 3, 090 . 49 - 0082 . 300 . 350 . 876 17, 300 775 
4.5 6.5 eR 7.0 220 3, 230 3,.450 . 53 - OO84 . 286 352 . 875 17, 000 770 
5.0 6.75 4R 7.0 280 3, 540 3, 820 . 53 . OO8O . 278 . 345 . 876 17, 950 790 
5.5 7.00 4R 6.5 340 3, 830 4,170 .o7 - 0083 . 261 - 347 . 874 17, 500 775 
6.0 7, 25 eR 6.5 420 4, 130 4, 550 . 57 . 0079 . 250 . 341 877 18, 000 780 
6.5 7. 25 5gR 5.5 490 4, 400 4, 890 . 67 - 0093 . 250 . 361 . 868 16, 800 790 
ERO: 7.5 52 R 5.5 580 4, 670 5, 250 . 67 - 0089 . 240 355 - 871 17, 300 795 
7.5 7.75 5gR 5.5 690 4,950 + 5, 640 . 67 - 0086 . 231 . 349 . 873 17, 800 800 
8.0 7.75 4R 5.0 780 5, 200 5, 980 74 . 0095 . 231 . 361 . 868 17, 200 810 
8.5 8.0 52 R 5.0 910 5, 450 6, 360 . 74 . 0091 . 222 . 355 - 871 17, 550 805 
9.0 8. 25 BR 5.0 1, 040 5, 670 6, 710 .74 . 0088 . 214 - 350 . 873 17, 800 800 
9.5 8.5 4 R 5.0 1, 190 5, 920 7, 110 74 - 0085 . 207 . 345 875 18, 200 800 

10.0 8.5 aR 4.5 1, 320 6, 140 7, 460 . 82 . 0094 . 207 . 358 . 870 17, 300 805 


1 See table 2 for reinforcement transverse to main reinforcement and table 7 for edge support requirements. 
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TABLE 13.—Design moments, dimensions, and reinforcement of slabs for the following conditions—Continued 
Bar Dead load Unit stress 
Slab’ Slab , 
Bar space moment d 

ts oe | size center-to- Ws? M(1.0+1) M: A, Pp a k j 

. center 10 fe fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in Lb./sq. in. Lb./sq. in 
1.0 9.0 56.R 4.5 1, 660 6, 580 8, 240 0. 82 0.0088 | 0.194 | 0.348 | 0.874 17, 800 790 
12.0 9.5 34 R 6.0 2, 080 7, 000 9, 080 .88 . 0092 . 188 . 353 . 873 17, 700 800 
13.0 10.0 SR 6.0 2, 540 7, 370 9, 910 . 88 . 0087 allay 345 . 876 18, 150 790 
14.0 10. 25 %R 5.5 3, 000 7, 750 10, 750 96 . 0092 sila .351 . 875 17, 500 790 
15.0 10.5 %R THO 3, 510 8, 100 11, 610 1.03 - 0095 . 167 . 356 . 874 17, 200 790 
16.0 11.0 %R 7.0 4,170 8, 460 12, 630 1.03 . 0090 . 158 . 348 . 878 17, 600 785 
17.0 11.0 igR 6.5 4,710 8, 780 13, 490 1 . 0097 . 158 . 356 . 875 17, 600 810 
18. 0 11.5 %R 6.5 5, 480 9, 070 14, 550 Lu . 0092 . 150 . 350 .879 17, 900 800 
19.0 11.5 1 R 7.5 6, 100 9, 370 15, 470 1. 26 . 0105 . 150 . 365 . 874 16, 850 805 
20.0 12.0 1k 7.5 7, 000 9, 640 16, 640 1.26 .0100 . 143 358 .877 17, 200 800 
21.0 12.5 ite'h 7.5 7, 980 9, 900 17, 880 1. 26 0095 - 136 . 352 . 879 17, 600 800 
22.0 13.0 Daas 7.5 9, 090 10, 180 19, 270 1, 26 . 0091 . 130 . 346 . 882 18, 100 795 
23.0 13.0 wR 7.0 9, 950 10, 430 20, 380 1.35 . 0098 . 130 354 - 880 17, 900 810 
24.0 13.5 LoR 6.5 11, 180 10, 660 21, 840 1.45 . 0101 . 125 . 357 . 879 17, 200 790 
25.0 14.0 i Rk 6.5 12, 500 10, 880 23, 380 1.45 . 0097 . 120 . 352 . 883 17, 600 790 














TaBLE 14,—Design moments, dimensions, and reinforcement of slabs for the following conditions } 























Paving allowance, 25 pounds per square foot. 


A,=Area of tension reinforcement. 
d= T'—1.25 inches for bars 5 inch and under. 
d= T—1.50 inches for bars over % inch. 














0. 886 
- 885 
. 882 
. 883 
. 882 
. 886 


Unit stress 


Controlling conditions: 
REINFORCED CONCRETE BRIDGE FLOOR SLABS H-20 loading. 
; Case I—parallel reinforcement. 
: f f Freely supported slabs. 
ne 8 IK All truck lanes. 
ace th yo ; 
Modified formulas. 
SLAB SPAN = S$ 
All bars to be hooked at ends. 
Dead-load 
Bar space 
Slab Slab . >| moment ” % 
span S | depth T Bar size pre Ws? M(i.0+1T MM A, Dp k 
8 
Feet Inches Inch Inches Ft,-lb. Ft.-lb. Ft.-lb. Sq. in 

2 6.5 Yu%R 5.0 50 3, 250 3, 300 0.47 0. 0075 0. 344 
3 7.5 5g R 6.5 140 4, 640 4, 780 57 0076 . 845 
4 8. 25 RR 5.5 260 5, 900 6, 160 .67 0080 . 353 
5 9.0 BR 5.0 430 7, 060 7, 490 74 . 0079 . 351 
6 9.75 5 R 4.5 660 8, 110 8,770 RS . 0080 . 353 
7 10.5 54 R 4.5 950 9, 080 1, 030 . 82 . 0074 . 342 
8 11.0 34 R 6.0 1, 300 9, 940 11, 240 88 0077 . 347 
9 11.5 34 R 5.5 1,710 10, 770 12, 480 96 0080 . 353 
10 12.0 YR 7.0 2, 190 11, 520 13, 710 1. 03 0082 . 356 
11 12.5 %u%R 7.0 2, 740 12, 210 14, 950 1.03 0078 . 349 
12 13.0 YR 6.5 3, 380 12, 900 16, 280 1.11 . 0080 . 353 
13 13.5 “wR 6.5 4, 100 13, 520 17, 620 1.11 0077 . 347 
14 14.0 BR 6.0 4, 900 14, 060 18, 960 1. 20 . 0080 . 3538 
15 14.5 iZR 6.0 5, 790 14, 610 20, 400 1. 20 . 0077 ~ 847 
16 14.5 1R 6.5 6, 590 15, 100 21, 690 1,31 . 0084 . 360 
17 15.0 “R 5.5 7, 670 15, 550 23, 220 resi . 0081 . 354 
18 15.5 LER 7.0 8, 860 16, 000 24, 860 1.35 . 0080 . 353 
19 16.0 Re 6.5 10, 150 16, 440 26, 590 1.45 . 0083 . 358 
20 16.5 ihorvast 6.5 11, 540 16, 800 28, 340 1,45 . 0080 . 353 
21 17.0 why ee 6.0 13, 100 17, 180 30, 280 1, 57 . 0084 . 360 
Dp 17.5 it Gg 6.0 14, 770 17, 540 32, 310 157 . 0082 . 356 
23 18.0 i R 6.0 16, 530 17, 830 34, 360 1. 57 0079 B51 
24 18.5 tf 5.5 18, 430 18, 170 36, 600 1.71 _ 0084 . 360 
25 19.0 { -R 5.5 20, 500 18, 450 38, 950 7a . 0082 356 





fi iE 
Db./sq. in. | Lb./sq. in. 
18, 050 790 
18, 100 800 
17, 900 810 
17, 800 800 
17, 200 780 
17, 900 775 
18, 200 810 
17, 650 800 
17, 300 790 
17, 900 800 
17, 400 790 
17, 950 800 
17, 150 780 
17, 700 790 
17, 300 810 
17, 800 810 
17, 900 810 
17, 200 800 
17, 750 810 
17, 000 795 
17, 500 805 
18, 000 810 
17, 200 805 
17, 700 810 





1 See table 2 for reinforcement transverse to main reinforcement and table 9 for edge support requirements. 
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TaBLE 15.—Design moments, dimensions, and reinforcement for the following conditions } 


REINFORCED CONCRETE BRIDGE FLOOR SLABS 





SLAB SPAN = 3 


Controlling conditions: 

H-20 loading. 

Case I—parallel reinforcement. 

Freely supported slabs. 

All truck lanes. 

Paving allowance, 75 pounds per square foot. 

Modified formulas. 

A,=Area of tension reinforcement. 
d= T-1.25 inches for bars % inch and under. 
d= T-1.50 inches for bars over % inch. 

All bars to be hooked at ends. 















































| 
Slab Slab Bar space. Dead-load Unit stress 
Bar *|} moment 
span, depth, . center- M(1.0+/) M: A, k 
S ff ce to-center Ws: sf : 
fa fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in Lb./sq. in. | Db./sq. in. 
2 6.5 wR 5.0 80 38, 250 3, 330 0. 47 0. 0075 0. 344 0, 886 + 300 6 
3 1.5 4%R 6.0 190 4, 640 4, 830 61 . 0082 . 356 . 881 17, 250 790 
4 8.5 54g R 5.5 360 5, 900 6, 260 . 67 . 0077 . 847 . 884 17, 500 775 
5 9. 25 54gR 5.0 600 7, 060 7, 660 .74 . 0077 . B47 . 884 17, 550 780 
6 9. 75 5gR 4.5 890 8, 110 9, 000 . 82 . 0080 353 . 882 17, 600 800 
dé 10.5 34 R 6.0 1, 260 9, 080 10, 340 . 88 . 0082 . 356 . 881 17, 700 810 
8 11.0 34 R 5 5 1, 700 9, 940 11, 640 . 96 . 0084 . 360 . 880 17, 300 $10 
9 12.0 34 R 5.5 2, 280 10, 770 18, 050 . 96 . 0076 . 845 . 885 17, 500 775 
10 12.5 wR @Y) 2, 890 11, 520 14, 410 1. 08 . 0078 . 849 . 884 17, 250 770 
11 13. 0 wR 7.0 3, 600 12, 210 15, 810 1.03 . 0075 . 344 . 886 18, 050 785 
12 13.0 YR 6.0 4, 280 12, 990, 17, 180 1. 20 . 0087 . 365 . 878 17, 000 810 
13 13. 5 V% R 5.5 5, 150 13, 520 18, 670 1, 31 . 0091 mou . 876 16, 200 800 
14 14.0 © x 1g 5.5 6, 180 14, 060 20, 190 1.31 . 0087 . 365 . 878 16, 800 805 
15 14.5 wR 5.5 7, 200 14, 610 21, 810 1.31 . 0084 . 360 . 880 17, 400 810 
16 15.0 iar? 7.0 8, 400 15, 100 23, 500 1,35 . 0083 . 358 . 881 17, 550 810 
17 15.5 LES 6.5 9, 710 15, 550 25, 260 1. 45 . 0086 . 363 . 879 17, 000 805 
18 16.5 AR; 6.5 11, 380 16, 000 27, 380 1.45 . 0080 . 353 . 882 17, 100 780 
19 17.0 1R 6.5 12, 980 16, 440 29, 420 1.45 . 0078 . 3849 . 884 17, 800 795 
20 17.5 ARE 6.0 14, 700 16, 800 31, 500 1. 57 . 0082 . 356 . 881 17, 100 785 
21 18.0 1B 6.0 16, 540 17, 180 33, 720 1, 57 . 0079 351 . 883 17, 650 795 
22 18.5 aR 525 18, 500 17, 540 36, 040 7G . 0084 . 360 . 880 16, 900 790 
23 19.0 1R 5.5 20, 670 17, 830 38, 500 ppl . 0082 . 356 . 881 17, 500 800 
24 19. 5 1k 5.5 22, 960 18, 170 41, 130 ibe ZAl . 0079 851 . 883 18, 100 810 
25 20.0 218 6.5 25, 400 18, 450 43, 850 1.85 . 0083 . 358 . 881 17, 500 810 




















iSee table 2 for reinforcement transverse to main reinforcement and table 9 for edge support requirements. 


2S is used here to denote square bars. 


TABLE 16.—Design moments, dimensions, and reinforcement of slabs for the following conditions ! 




















































“hi Controlling conditions: 
REINFORGED CONGRETE BRIOGE FLOOR SLABS BEARING ON 3 OR = H_20 loadi 
MORE SUPPORTS AND CONTINUOUS OVER 2 OR MORE PANELS St oading. é 
2 ve iS Case I—parallel reinforcement. 
Ee Near meat) — sy Slabs continuous. 
S LSet pe Seek 50 percent end restraint. 
Ape = coe ae B All truck lanes. 
| ; | Paving allowance 25 pounds per square foot. 
S=CLEAR SPAN Modified formulas. 
S=LOR(S'+7) A, =Area of tension reinforcement. 
l A’,=Area of compression reinforcement. 
sy : rps 
z= 6.10 6. supPoRTS Fee siamenee te tet rel ae 
Spans 2 to 3.5 feet, inclusive, A’s=A., bars not bent. Te : se) RNASE ASIAN 
Spans 4 to 10 feet, inclusive, A’.=0.5 A,, bars bent as shown. All bars to be hooked at ends. 
Dead-load Unit stress 
Bar space. d’ 
papepan 4 ae | Bar size | center-to- ee ie Gort M Ag Dp 7 k "i 
P center 
10 fe fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Fé.-lb. Sq. in. Lb./sq. in. Lb./8q. in. 
2.0 5.75 wR 5.5 40 2, 440 2, 480 0. 43 0. 0080 0. 333 0. 349 0. 878 17, 600 785 
2.5 6. 25 KR 8.0 60 2, 970 3, 030 46 . 0077 . 300 . 338 . 877 18, 000 770 
3.0 6.5 54R dav 100 3, 510 3, 610 . 038 0084 . 286 . 346 . 868 17, 900 790 
3.5 6.75 544R 6.0 130 4, 030 4, 160 . 61 0093 . 273 . 3855 . 862 17, 200 785 
4.0 7. 25 54R 6.0 180 4, 520 4, 700 . 61 0085 . 250 . 350 . 872 17, 700 790 
4.5 7.5 4R 6.5 240 4, 980 5, 220 . 67 0089 . 240 . 305 . 871 17, 200 790 
5.0 45 54gR 5.5 310 5, 450 5, 760 . 67 0086 . 231 . 349 . 873 18, 200 810 
5.5 8.0 54 R 5.0 380 5, 880 6, 260 . 74 0091 . 222 » 355 . 871 17, 250 795 
6.0 8. 25 54gR 5.0 460 6, 320 6, 780 .74 0088 . 214 . 350 . 873 18, 000 810 
6.5 8.5 54gR 4.5 550 6, 720 7, 270 . 82 0094 - 207 . 358 . 870 16, 900 785 
7.0 8.75 54R 4.5 660 7, 120 7, 780 . 82 0091 . 200 . 353 . 872 17, 400 790 
7.5 9.0 5gR 4.5 780 7, 510 8, 290 - 82 . 0088 . 194 . 348 . 874 17, 900 800 
8.0 9.5 54g2R 4.5 920 7, 900 8, 820 - 82 . 0083 - 182 . 340 .877 17, 800 765 
8.5 9. 75 xR 6.0 1, 060 8, 250 9, 310 . 88 . 0089 . 182 . 348 . 875 17, 500 780 
9.0 9. 75 aR 6.5 1,190 8, 600 9, 790 . 96 . 0097 . 182 . 359 . 871 17, 000 790 
9.5 10.0 34 R 5.5 1, 360 8, 940 10, 300 . 96 . 0094 ALM . 354 . 874 17, 300 790 
10.0 10. 25 34 R 5.5 1, 530 9, 260 10, 790 . 96 . 0092 .171 ~ ool . 875 17, 600 790 
11.0 10.5 KR 7.0 1, 890 9, 900 11, 790 1.03 . 0095 . 167 . 356 . 874 17, 500 800 
12.0 11.0 YR 7.0 2, 340 10, 490 12, 830 1.03 . 0090 . 158 . 348 . 878 17, 900 795 
13.0 11.5 wR 6.5 2, 860 11, 050 13, 910 eat . 0092 . 150 . 350 . 879 17, 100 770 
14.0 11.5 YR 6.0 3, 310 11, 580 14, 890 1, 20 . 0100 . 150 . 359 . 875 17, 000 795 
15.0 12.0 YR 6.0 3, 940 12, 080 16, 020 1. 20 . 0095 . 148 . 353 . 878 17, 300 785 
16.0 12.0 1R Hpi 4, 480 12, 550 17, 030 1, 26 . 0100 . 148 . 358 .877 17, 600 810 
17.0 12.5 1R 7.5 5, 230 13, 000 18, 230 1. 26 0095 . 136 . 352 879 18, 000 810 


1 See table 2 for reinforcement transverse to main reinforcement and table 9 for edge support requirements, 
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TaBLE 16.—Design moments, dimensions, and reinforcement of slabs for the following conditions—Continued 





























z Dead load Fe Unit stress 
Slab Slab . ar space, moment . a ; ; 
span S | depth 7 Bar size ihe ey ws M(1.0+1) Mt A; Dp d k j 
10 fs fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft,-lb. Sq. in. Lb./sq. in, Lb./sq. in. 
18.0 13. 0 I IRd 7.0 6, 070 13, 440 19, 510 1.35 0. 0098 0. 180 0. 354 0. 880 17, 200 785 
19.0 13.0 1R 6.5 6, 770 13, 840 20, 610 1, 45 - 0105 . 180 . 863 . 878 16, 900 800 
20.0 Load 1R 6.5 7, 720 14, 230 21, 950 1.45 . 0101 - 125 . 357 . 879 17, 200 795 
21.0 14.0 1R 6.5 8, 820 14, 580 23, 400 1.46 . 0097 . 120 - 352 - 883 17, 600 790 
22. 0 14.0 1R 6.0 9, 680 14, 910 24, 590 57, . 0105 . 120 . 361 . 880 17, 100 805 
23. 0 14.5 1R 6.0 10, 900 15, 280 26, 180 1.57 . 0101 PLS: . 356 . 881 17, 500 800 
24. 0 15.0 1R 6.0 12, 240 15, 600 27, 840 1. 57 . 0097 palit . 351 . 884 17, 800 800 
25. 0 15.5 1R 6.0 13, 680 15, 900 29, 580 1.57 . 0093 . 107 . 846 . 887 . 18, 200 805 | 
































TABLE 17.—Design moments, dimensions, and reinforcement of slabs for the following conditions } 


Controlling conditions: | 

H-20 loading. | 

REINFORCED CONCRETE BRIDGE FLOOR SLABS BUILT MONOLITHIC WITH Case I—parallel reinforcement. 
PPORTS AN TI OVER 2 OR MORE PANELS Se 

3 OR MORE SUPPORTS AND CONTINUOUS Slabs monolithic. 


dete . 75 percent end restraint. 

=a % All truck lanes. 

ieee Paving allowance 25 pounds per square foot. 
Modified formulas. 

A,=Area of tension reinforcement. 

A’,= Area of compression reinforcement. 





Spans 2 to 3.5 feet inclusive, A’,=A., bars not bent. See . 5/ 3 
Spans 4 to 10 feet inclusive, A’,=0.5 A., bars bent as shown. d= T—1.25 inches for bars % inch or under. 





d= T—1.50 inches for bars over % inch. 
All bars to be hooked at ends. 





















































Dead load Unit stress 
Slab | _ Slab we | space | moment a’ , 
span S | depth T Bar size Ee ee ws? AM(1.0+D) M A, D d j 
10 ts fe 
Se es eal Pg 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq.-in. Lb./sq. in. Lb./sq. in. 
2.0 5.5 wR 6.0 40 2, 080 2, 120 0.39 OF 0076.9 | |Saeeens = 0. 345 0. 885 17, 300 765 
2.5 DalD wR 5.0 60 2, 560 2,620 «47 . 0087 0. 333 . 359 . 872 17, 000 795 
3.0 6. 25 KBR 7.6 90 3, 030 3, 120 .49 . 0082 . 300 . 346 . 872 17, 500 770 
3.5 6.5 54gR 7.0 130 3, 470 3, 600 . 53 . 0084 . 286 . 346 . 868 17, 900 790 
4.0 6.75 5% R 6.5 170 38, 890 4, 060 - 57 . 0086 273 . 353 . 872 17, 800 810 
4.5 7.25 KR 6.5 240 4, 310 4, 550 . 57 0079 moO) . 341 . 877 18, 000 780 
5.0 7.25 4R 5.5 290 4,720 5, 010 OL - 0093 . 250 . 361 . 868 17, 300 810 
bb 7.5 54g R 5.0 360 5, 110 5, 470 . 74 . 0098 . 240 . 367 . 866 16, 500 790 
6.0 71d 4R 5.0 440 5, 500 5, 940 74 - 0095 - 23 . 361 . 868 17, 050 805 
6.5 8.0 4R 5.0 530 5, 860 6, 390 rts . 0091 . 222 Pas titi) . 871 17, 700 810 
7.0 8. 25 54K 4.5 630 6, 220 6, 850 - 82 . 0097 . 214 . 363 . 868 16, 500 785 
7.5 8.5 4R 4.5 740 6, 600 7, 340 . 82 . 0094 . 207 . 858 , 870 17, 100 790 
8.0 8.75 54g R 4.5 860 6, 930 7, 790 . 82 . 0091 . 200 . 353 . 872 17, 500 790 
8.5 9.0 BR 4.5 990 7, 270 8, 260 -82 . 0088 . 194 . 348 . 874 17, 900 795 
9.0 9. 25 4R 4.5 1, 140 7, 560 8, 700 - 82 . 0085 . 188 . 343 877 18, 200 795 
9.5 9.5 %R 6.0 1, 300 7, 890 9, 190 . 88 . 0092 . 188 . 353 . 873 17, 900 810 
10.0 9. 75 3% OR 6.0 1,470 8, 180 9, 650 . 88 . 0089 . 182 . 348 . 875 18, 200 810 
11.0 10.0 3% R 5.5 1, 820 8, 770 10, 590 . 96 . 0094 alas . 354 . 874 17, 800 810 
12.0 10.5 ABR 7.0 2, 250 9, 330 11, 580 1.03 . 0095 . 167 . 856 . 874 17, 100 785 
13.0 11.0 wR 7.0 2, 750 9, 830 12, 580 1.03 . 0090 . 158 . 848 . 878 17, 500 780 
14.0 11.6 YR 7.0 3, 310 10, 330 13, 640 1.03 . 0086 . 150 . 341 . 882 18, 050 780 
15.0 11.6 AR 6.5 38, 800 10, 800 14, 600 Vale . 0092 . 150 . 850 . 879 18, 000 805 
16.0 12.0 YR 6.0 4, 480 11, 270 15, 750 1. 20 . 0095 . 143 . 353 . 878 17, 050 780 
17.0 12.¢ 1R tnd 5, 060 11, 700 16, 760 1, 26 . 0100 . 148 . 358 877 17, 400 805 
18.0 1255 1R 7.5 5, 870 12, 090 17, 960 1, 26 . 0095 . 136 . 302 . 879 17, 700 800 
19.0 13.0 1R 7.5 6, 770 12, 490 19, 260 1. 26 . 0091 . 130 - 346 - 882 18, 100 795 
20.0 13.0 ae 7.0 7, 500 12, 850 20, 350 1.35 . 0098 . 130 . 354 . 880 17, 950 810 
21.0 13: 5 eR ao 8, 550 13, 200 21, 750 1.35 . 0094 . 125 . 348 . 884 18, 200 810 
22, 0 14,0 IL ARS 6.5 9, 680 13, 570 23, 250 1.45 . 0097 . 120 + o02 . 883 17, 500 790 
23.0 14,0 eR 6.0 10, 590 13, 900 24, 490 al as . 0105 . 120 . 361 . 880 17, 100 790 
24,0 14.5 Dany 6.0 11, 870 14, 210 26, 080 1, 57 -O101 115 . 356 . 881 17, 400 800 
25. 0 15.0 1R 6.0 13, 280 14, 500 27, 780. 1.57 . 0097 aati lit Pool . 884 17, 800 800 














' See table 2 for reinforcement transverse to main reinforcement and table 9 for edge support requirements. 


Case 11.—Modified formulas will also be applied in Live-load moments computed by modified formulas 
the design of reinforced concrete bridge floor slabs with | as shown in table 18. 
main reimforcement transverse to the direction of Unit stresses: f’,=3,000 pounds per square inch; 
traffic. fs=18,000 pounds per square inch; f,=800 pounds per 


The 1935 specifications of the American Association | square inch; n=12. 


He State Highway Officials will be used, modified as Live load: H-15 and H-20 truck train loading. 
follows: 
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TaBLE 18.—Summary of modified formulas for case II 
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| Live-load moments (in foot-pounds per foot 

















idth of ead- 
Condition of Spans ea load 
| slab atsupport} (feet) mo- 
Exterior spans Interior spans ment 
PS PS 
Freely support- \ to 4....| M= 9.64 M= 9.64 _ Ws2 
ed. £is02| Mails. Y fighte a tales 8 
332 S+10 1.32 S+14 
Slabs continu- PS _PyS_ 
ous 0 per } to 4....| M==> “2 —0.035P | M ak 0.035P be 
cent end re- 
: CoN Mace Nee OS 10 
straint. 732 Spi9 2:085P Uespeie 
Slabs mono- PS _PvS_ 
lithic 75 per. 0'to 40°. | M=- 9.08, : —0.0525P Wis 8 0.0525P fie 
cent end re- 
done Wit eo Moses 10 
straint. fo BS2SPID OE Tags COMP 
PJ5 PY5 
Fully _re- FE a aden oe RUS Tas rvs 0.07 P || ws: 
strained. PS PS 12 
40 10...) Mo—-" ___. Meo FS 
Md 332 Spio 0-0"P Teo Spa O-07P 








TABLE 19.—Live-load moments in foot-pounds per foot width of 


ae 


slab 


Controlling conditions: 
H-15 loading. 
P=12,000 pounds. 
Case I1—transverse reinforcement. 
Modified formulas 
Freely supported. 
Slabs continuous. 
Slabs monolithic. 
Fully restrained. 


INTERIOR SPANS 








Slabs continu- |Slabs monolithic 


























x Condition at Freely sup- Tia 50 - 
percent | 75 percent end | Fully restrained 
q SUL Leet end restraint restraint 
a 
? 
span s|t=—_| a | MX) ac | MX | a | MX| a | MX 
et ame DS (1.042) (1.0+2) (1.0+2) (1.0+2) 
2.0 0.394 | 1,760 | 2,450 | 1,340] 1,870] 1,130] 1,575 922] 1,285 
2.5 .392 | 1,970 | 2,740} 1,550] 2,160} 1,340] 1,865] 1,129 1,571 
3.0 .391 | 2,160 | 3,005 | 1,740 | 2,420] 1,530] 2,130] 1,318 1, 835 
3.5 . 390 | 2,340} 3,250 | 1,920] 2,670}; 1,710] 2,380) 1,490 2, 070 
4.0 . 388 | 2,490 | 3,460 | 2,070} 2,875} 1,860 | 2,580] 1,650 2, 290 
4.5 - 386 2, 710 | 3,755 | 2,290 | 3,175} 2,080] 2,880] 1,873 2, 595 
5.0 . 385 | 2,910 | 4,030 | 2,490} 3,450] 2,280] 3,160] 2,072 2, 870 
5.5 . 383 3, 110 | 4,300 | 2,690 | 3,720 | 2,480] 3,430] 2,270 3, 140 
; 6.0 - 382 | 3,280 | 4,530 | 2,860 | 3,950 | 2,650) 3,660] 2,440 3, 370 
” 6.5 - 380 | 3,460 | 4,770 | 3,040 | 4, 200 2,830 | 3,900} 2,618 3, 610 
7.0 .379 | 3,610 | 4,980 | 3, 190 4,400 | 2, 980 4,110 | 2,770 3, 820 
Hae) -377 | 3,770 5,185 | 3,350 | 4,610 3,140 | 4,320} 2,925 4, 030 
8.0 - 376 | 3, 910 5, 380 | 3,490 | 4,800 | 3,280 | 4,510 | 3,070 4, 22) 
8.5 - 375 | 4, 050 5, 560 | 3,630 | 4,990 | 3,420] 4,700 | 3,205 4,410 
9.0 .373 | 4,170 | 5,720! 3,750| 5,150 | 3,540] 4,860 | 3,340 4, 590 
9.5 .372 | 4,300 | 5,900 | 3,880] 5,320] 3,670] 5,040] 3,450] 4,730 
10.0 .370 | 4,410 | 6,040 | 3,990 | 5,470 | 3,780] 5,180] 3,570] 4,890 
EXTERIOR SPANS 
2.0 0.394 | 1,760 | 2,450] 1,340] 1,870} 1,130] 1,575 922 1, 285 
2.5 . 392 | 1,970 | 2,740 | 1,550 | 2,160} 1,340] 1,865 | 1,129 1, 571 
3.0 .391 | 2,160 | 3,005 | 1,740} 2,420] 1,530] 2,130] 1,318 1, 835 
3.5 .390 | 2,340 | 3,250 | 1,920] 2,670] 1,710] 2,380] 1,490] 2,070 
4.0 . 388 | 2,490 | 3,460 | 2,070 | 2,875) 1,860] 2,580] 1,650 2, 290 
4.5 . 386 | 2,640 | 3,660 | 2,220 | 3,080] 2,010] 2,785] 1,800 2, 495 
5.0 | . 385 | 2,780 | 3,850 | 2,360 | 3,270] 2,150] 2,980] 1,940 2, 685 
5.5 383 | 2,900 | 4,010 | 2,480 | 3,430] 2,270} 3,140] 2,060]' 2,850 
6.0 . 382 | 3,010 | 4,160 | 2,590 | 38,580] 2,380 | 3,290] 2,170 3, 000 
6.5 . 380 | 3,110 | 4,290 | 2,690 | 3,710} 2,480 | 3,420] 2,270 3, 135 
7.0 .379 | 3,200 | 4,410 | 2,780] 3,830] 2,570] 3,540] 2,360] 3,260 
7.5 .377 | 3,290 | 4,530 | 2,870 | 38,950] 2,660 | 3,660] 2,450 3, 370 
8.0 - 376 | 3,360 | 4,620 | 2,940 | 4,050] 2,730 3, 760 | 2,520 3, 470 
8.5 . 375 3, 440 | 4,730 | 3,020 | 4,150] 2,810} 3,860} 2,590 3, 560 
9.0 .373 | 3,500 | 4,810 | 3,080 | 4,230 | 2,870 a 940 | 2,660 3, 650 
9.5 .372 | 3,560 | 4,880 | 3,140) 4,310] 2,930] 4,020] 2,720 3, 740 
10.0 . 370 | 3,620 | 4,960 } 3,200 | 4,380] 2,990] 4,100] 2,770 3, 790 


. 


Symbols are defined as follows: 
S= Effective design span in feet. 
W=Dead load per square foot of slab. 
P=Wheel load=12,000 pounds for H-15 and 
16,000 pounds for H—20 loading. 
50 
125+S 
M= Maximum live-load moment. 
M(1.0+/)=Live load+-impact moment. 
M,=Design moment=Dead-load moment+ 
M(1.0+4-1). 
All moments are in foot-pounds per foot width of slab. 
For values of live-load moments in foot-pounds per 
foot width of slab by above formulas see tables 19 and 
20. 
For design moments, dimensions, and reinforcement 
of slabs for case II see tables 21 to 24. 


I=Impact factor= 


TABLE 20.—Live-load moments in foot-pounds per foot width of slab 


Controlling conditions: 
H-20 loading. 
P=16,000 pounds. 
Case I] —transverse reinforcement. 
Modified formulas. 
Freely supported. 
Slabs continuous. 
Slabs monolithic. 
Fully restrained. 


INTERIOR SPANS 
























































: Slabs contin- nae mono- 
Condition at Freely sup- uous 50 per- ithic 75 per- ; 
support ported cent end re- | centendre- | Fully restrained 
straint straint 
ae 50 M(1.0+ M(1.0+ M(1.0+ M(1.0+- 
span |7_ 20 1(1, : 1(1. : 
S I= 9548 i 1) “ie! I) ne I) ye 1) 
in feet 
2.0 0.394 | 2,340 3, 260 | 1, 780 2, 480 1, 500 2, 090 1, 230 1, 710 
2.5 . 392 | 2,620 8, 650 | 2, 060 2, 870 1, 780 2, 480 1, 505 2, 100 
3.0 . 391 | 2,880 4,010 | 2,320 38, 230 2, 040 2, 840 1, 760 2, 450 
3.5 . 390 | 3,110 4,320 | 2, 550 38, 540 2, 270 3, 150 1, 985 2, 760 
4.0 . 888 | 3, 320 4,610 | 2,760 8, 830 2, 480 3, 440 2, 200 3, 050 
4.5 .386 | 3,610 | 5,000 | 3,050 | 4,230] 2,770} 3,840] 2,497 3, 460 
5.0 . 385 | 3, 880 5, 370 | 3,320 4, 600 3, 040 4, 210 2, 765 8, 830 
5.5 . 383 | 4, 150 5, 740 | 3, 590 4, 970 3, 310 4, 580 3, 028 4, 190 
6.0 . 382 | 4, 380 6, 050 | 3, 820 5, 280 3, 540 4, 890 3, 250 4, 490 
6.5 . 880 | 4, 610 6, 860 | 4, 050 5, 590 3, 770 5, 200 3, 490 4, 820 
7.0 . 379 4, 820 | 6,650 | 4,260] 5,880] 3,980] 5,490} 3,690 5, 090 
7.5 ott | 5,030 6, 930 | 4,470 6, 160 4, 190 5, 770 3, 900 5, 370 
8.0 . 376 5 210 | 7,170 | 4,650 | 6,400] 4,370] 6,020] 4,090 5, 630 
8.5 .375 | 5,400 | 7,420 | 4,840 | 6,660 | 4,560 | 6,270 | 4,270 5, 870 
9.0 alo 5 560 7,640 | 5, 000 6, 870 4,720 6, 480 4, 450 6, 110 
9.5 .372 | 5,730 | 7,860 | 5,170] 7,100] 4,890] 6,710] 4,600 6, 310 
10.0 370 | 5, 880 8, 060 | 5,320 7, 290 5, 040 6, 900 4, 760 6, 520 
EXTERIOR SPANS 
2.0 0. 394 | 2,340 3, 260 | 1, 780 2, 480 1, 500 2, 090 1, 230 1710 
2.5 - 392 | 2,620 3,650 | 2, 060 2, 870 1, 780 2, 480 1, 505 2, LOO 
3.0 . 391 | 2,880 4,010 | 2, 320 3, 230 2, 040 2,840 1, 760 2, 450 
3.5 . 390 | 38,110 4,320 | 2, 550 3, 540 2, 270 3, 150 1, 985 2, 760 
4.0 . 388 | 3, 320 4,610 | 2, 760 3, 830 2, 480 3, 440 2, 200 3, 050 
4.5 . 386 | 3, 520 4,880 | 2, 960 4, 100 2, 680 3, 710 2, 400 3, 330 
5.0 . 885 | 3, 710 5, 140 } 3, 150 4, 360 2, 870 3, 970 2, 587 3, 580 
6.5 . 383 | 3,870 5, 350 3 310 4, 580 3, 030 4, 190 2, 747 3, 800 
6.0 . 882 | 4,020 5, 560 | 8, 460 4, 780 3, 180 4, 390 2, 890 8, 990 
6.5 380 | 4,150 | 5,730 | 3,590} 4,960} 3,310} 4,570} 3,026 4, 180 
7.0 .379 | 4,270 5, 890 | 3,710 5, 120 3, 430 4, 730 3, 148 4, 340 
deo: .377 | 4,380 6, 030 | 3,820 5, 260 38, 540 4, 870 3, 267 4, 500 
8.0 . 376 | 4,480 6, 160 | 3, 920 5, 400 3, 640 5, O10 3, 360 4, 630 
8.5 .375 | 4,580 | 6,300 | 4,020] 5,530] 3,740] 5,140 | 3,450 4, 740 
9.0 . 373 | 4,670 | 6,420 | 4,110 5, 640 3, 830 5, 260 3, 548 4, 870 
9.5 . 372 | 4,750 6, 520 | 4, 190 5, 750 3, 910 5, 360 3, 625 4,970 
10.0 .370 | 4,820 | 6,600 | 4,260] 5,840] 3,980] 5,460] 3,690 5, 060 
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TABLE 21.—Design moments, dimensions, and reinforcement of slabs for the following conditions ' 


Controlling conditions: | 


SLABS BEARING ON 3 OR MORE SUPPORTS AND CONTINUOUS OVER 2 OR MORE PANELS 

















sis 


EXTERIOR ara 
5": CLEAR SPAN 


S=L OR(S +7) — 


2 a ei SEES GENAREEER pS IENA PIN .— 


ZU f=a 





INTERIOR SPANS 


ee 2=C.TO C. SUPPORTS Lea 


Spans 2 to 3.5 feet, inclusive, A’,= A; bars not bent. 
Spans 4 to 10 feet, inciusive, A’,=0.5 A,, bars bent as shown. 


INTERIOR OR EXTERIOR SPANS 





H-15 loading. 

Case II—transverse reinforcement. 

Slabs continuous. 

50 percent end restraint. 

Paving allowance, 25 pounds per square foot. 
Modified formulas. 

A,=—Area of tension reinforcement. 
A’,—=Area of compression reinforcement. 
d= T—1.25 inches for bars % inch or under. 
d= T—1.50 inches for bars over % inch. 

All bars to be hooked at ends. 




































































Bar space pees v Unit stress 
Slab Slab : *| moment, ; 
span, S$ | depth, T Bar size center We Ws M(1.0+D M: A, p 7 k i 
: 10 Si fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in. Lb./sq. in. L0./sq. tn. 
2.0 5. 25 wR 6.5 40 1, 870 1, 910 0. 36 020075 N22 e ee 0, 344 0. 886 17, 950 785 
2.5 5.5 Bz 6.0 60 2, 160 2, 220 .39 0076 |aal222Se2 . 345 . 885 18, 150 800 
3.0 5.75 wR 5.5 90 2, 420 2, 510 43 - 0080 0, 333 . 349 . 878 17, 700 790 
3.5 6. 00 54R 8.0 120 2, 670 2, 790 46 0082 . 316 349 874 17, 500 780 
4.0 6.25 %R 8.0 160 2, 880 3, 040 46 0077 . 300 342 880 18, 000 780 
EXTERIOR SPANS 
4.5 6. 25 54g R 7.9 210 8, 080 3, 290 0. 53 0. 0088 0. 300 0, 359 0. 871 17, 100 800 
5.0 6. 50 4%R 7.0 270 3, 270 3, 540 . 53 . 0084 . 286 . 352 . 875 17. 450 7 
5.5 6. 60 54R 6.5 320 3, 430 3, 750 . 57 . 0090 . 286 . 861 . 870 17, 250 810 
6.0 6. 75 54g R 6.5 390 3, 580 3, 970 Eby . 0086 . 273 . 353 . 872 17, 400 790 
6.5 7.00 54g R 6.5 480 3, 710 4,190 57 . 0079 . 261 . 347 . 874 17, 550 775 
ral) 7. 00 4 R 6.0 550 3, 830 4, 380 61 - 0088 , 261 . 355 . 871 17, 200 790 
7.5 7. 25 eR 6.0 650 3, 950 4, 690 . 61 . 0085 . 250 . 350 . 872 17, 300 789 
8.0 7. 25 4 R 6.0 740 4, 050 4,790 61 . 0085 . 250 . 850 . 872 18, 000 805 
8.5 7. 25 5g R 5.5 830 4, 150 4, 980 Aye . 0093 . 250 . 361 . 868 17, 160 805 
9.0 7. 50 52 R 5.5 969 4, 230 5, 190 . 67 . 0089 . 240 . 355 . 871 17, 100 780 
9.5 7. 50 4%R 5d 1, 080 4,310 5, 390 . 67 . 0089 . 240 . 365 . 871 17, 750 810 
10. 0 7. 75 5%R 5.5 1, 220 4, 380 5, . 67 . 0086 . 231 . 349 . 873 17, 700 790 
INTERIOR SPANS 
4.5 6. 50 54g R 7.5 220 3, 180 3, 400 0. 49 0. 0078 0. 286 0. 343 0. 879 18,0 785 
5.0 6. 50 5 R 6.5 270 38, 450 3, 720 Atay . 9090 - 286 . 861 , 870 17, 2 810 
5.5 6.75 5g R 6.5 330 3, 720 4, 050 . 57 . 0086 . 273 . 353 . 872 17, 759 810 
6.0 7. 00 4 R 6.5 400 3, 950 4, 350 . 57 . OORB3 . 261 . B47 . 874 18, 290 805 
6.5 7, 25 %R 6.0 490 4, 200 4, 690 61 . 0085 . 250 . 350 . 872 17, 600 790 
7.0 7.25 R 5.5 570 4, 400 4,970 . 67 . 0093 . 250 . 3861 . 868 17, 100 805 
(60 7. 50 4 R 5.5 670 4,610 5, 280 - 67 . GO89 . 240 - 355 871 17, 400 800 
8.0 7. 75 54gR 5.5 780 4, 800 5, 580 . 67 . 0086 peck . 349 873 17, 600 785 
8.5 Chats) rf R 5.0 880 4,990 5, 870 74 . 0095 Apsat . 361 868 16, 900 795 
9.0 8. 00 5g R 5.0 1,010 5, 150 6, 160 74 0091 . 222 ~ 355 871 17, 009 780 
9.5 8, 25 KR 5.0 1, 160 6, 320 6. 480 74 0088 . 214 350 873 17, 200 770 
10.0 8. 25 4R 5.0 1, 280 5, 470 6, 750 74 0088 . 214 350 873 17, 900 800 








1 See tabulation, p. 155, for reinforcement transverse to main reinforcement. 


TABLE 22.— Design moments, dimensions, and reinforcement of slabs for the following conditions } 


SLABS BUILT MONOLITHIC WITH 3 OR MORE SUPPORTS = 
AND CONTINUOUS OVER 2 OR MORE PANELS 3 








Spans 2 to 3.5 feet, inclusive, A’,=A:s, bars not bent. 
Spans 4 to 10 feet, inclusive, A’,=0.5 As, bars bent as shown. 





Controlling conditions: 
H-15 loading. 
Case II—transverse reinforcement. 
Slabs monolithic. 
75 percent end restraint. 
Paving allowance 25 pounds per square foot. 
Modified formulas. 
A,=Area of tension reinforcement. 
A’,=Area of compression reinforcement. 
d= T—1.25 inches for bars % inch or under. 
d= T—1.50 inches for bars over % inch. 
All bars to be hooked at ends. 


INTERIOR OR EXTERIOR SPANS 


























Dead load : 
1 Bar space Unit stress 
Slab Slab P moment 2 
span S | depth T Bar size oe e Ws M(1.0+]) M, A D a’ k j 
10 d he cP 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in. Lb./sq. in Lb i 
2.0 5. 00 wR 7.0 35 1, 575 1, 610 0. 34 0. 0075 0.344 | 0.886 he ; v8 = 
2.5 5. 25 wR 6.5 60 1, 865 1, 925 . 36 . 0075 344 . 886 18, 000 790 
3.0 5. 50 1gR 6.0 90 2, 130 2, 220 .39 . 0076 . 345 . 885 18, 100 800 
3.5 5.75 wR 5.5 120 2, 380 2, 500 43 . 0080 0. 333 . 349 . 878 17, 600 785 
4.0 6.00 wR 5.5 160 2, 580 2, 740 43 . 0075 316 . 842 . 882 18, 200 790 














' See tabulation page 165 for reinforcement transverse to main reinforcement. 






































165 
















































































































































October 1937 MmupitlCweOA DS 
DusiGn 22.—Design moments, dimensions, and reinforcement of slabs for the following conditions—Continued 
z EXTERIOR SPANS 
; | Daadhioad | Ini 
Bar space | C20 20aC : Unit stress 
Slab Slab ; i 
span,S enti q | Bar size | center-to- pt M(L.0+-1) Mt A, D c k j SSS See = 
J center ee ( 
: 10 fs fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. £t.-lb. Sq. in hs Lb./sq. in. Lb./sq. ad 
4 4.5 6. 00 5¢R 7.5 265 2, 785 2,990 0. 49 0.0086 | 0.316 | 0.358 | 0.874 7 600 g10 
5.0 6. 25 54R 7.5 260 2, 980 3, 240 49 . 0082 . 300 . 350 . 876 18, 100 810 
5.5 6 50 4 R 7.0 320 3, 140 3, 460 53 . 0084 . 286 . 352 . 875 17, 100 775 
4 6.0 6. 50 46 R 6.5 380 3, 290 3, 670 57 . 0090 . 286 . 361 . 870 16, 950 800 
6.5 6. 75 4% R 6.5 460 3, 420 3, 880 57 . 0086 Ayes | HB! . 872 17, 000 775 
7.0 6.75 5g R 6.5 530 3, 540 4, 070 57 . 0086 278 . 853 . 872 17, 850 810 
, 7.5 7. 00 44R 6.5 630 3, 660 4, 290 57 . 0083 . 261 . 347 . 874 18, 000 795 
: 8.0 7.25 RK 6.5 740 3, 760 4, 500 .57 .0079 250: . 841 .877 18, 000 780 
8.5 7. 25 5g R 6.0 840 3, 860 4, 700 . 61 . 0085 250 . 350 BS72 17, 700 795 
9.0 7.25 54R 5.5 940 3, 940 4, 880 . 67 . 0093 . 250 . 360 . 868 16, 800 790 
9.5 7. 50 54 R 5.5 1,070 4, 020 5, 090 . 67 . 0089 240 . 855 . 871 16, 750 770 
; 10.0 7.50 54 R 5.5 1, 190 4, 100 5, 290 . 67 . 0089 . 240 . 355 . 871 17, 400 800 
# INTERIOR SPANS 
rs 4,5 6. 25 54g R 7.5 210 2, 880 3, 090 0 49 0.0082 | 0.300 | 0.350 | 0.876 17, 300 775 
‘s 5.0 6. 50 56 R 7.5 260 3, 160 3, 420 49 _ 0078 . 286 . 343 . 879 18, 150 790 
5.5 6. 50 54 R 6.5 320 3, 430 3, 750 57 . 0090 . 286 361 _ 870 17, 300 810 
6. 0 6. 75 5g R 6.5 390 3, 660 4, 050 57 _ 0086 . 273 . 353 _ 872 17, 800 810 
6.5 7. 00 44'R 6.0 480 3, 900 4, 380 .61 _ 0088 . 261 B55 871 17, 200 790 
: 7.0 7. 25 5g R 6.0 570 4, 110 4, 680 . 61 . 0085 . 250 350 . 872 17, 600 790 
7.5 7,25 4 R 5.5 650 4, 320 4, 970 67 0093 . 250 361 . 868 17, 100 805 
8.0 7. 50 5g R 5.5 760 4, 510 5, 270 .67 . 0089 . 240 . 855 . 871 17, 300 795 
4 8.5 7.75 54 R 5.5 880 4, 700 5, 580 . 67 _ 0086 231 . 349 . 873 17, 600 790 
> 9.0 7.75 %R 5.0 990 4, 860 5, 850 .74 . 0095 231 . 361 . 868 16, 800 790 
9.5 8. 00 54 R 5.0 1, 130 5, 040 6, 170 . 74 . 0091 DPD B55 . 871 17, 000 780 
10.0 8. 00 4R 5.0 1, 250 5, 180 6, 430 . 74 . 0091 OP . B55 . 871 17, 800 810 
TABLE 23.—Design moments, dimensions, and reinforcement of slabs for the following conditions } 
Controlling conditions: 
SLABS BEARING ON 3 OR MORE SUPPORTS AND CONTINUOUS OVER 2 OR MORE PANELS Ti =20 loading. J 
: Case JI—transverse reinforcement. 
= Slabs continuous. 
50 percent end restraint. 
SSS a ee Paving allowance 25 pounds per square foot. 
ASSES Tale sires an ee Wr an eter eer ee ane DSS Modified formulas. 
EXTERIOR SPANS INTERIOR SPANS A,= Area of tension reinforcement. 
re eee A’,=Area of compression reinforcement. 
; Le | d= T—1.25 inches for bars % inch or under. 
—S= LOR (S+7) 2=C.T0 C. SUPPORTS d= T—1.50 inches for bars over % inch. 
Spans 2 to 3.5 feet, inclusive, A’,=A., bars not bent. All bars to be hooked at ends. 
Spans 4 to 10 feet, inclusive, A’,=0.5 As, bars bent as shown. 
INTERIOR OR EXTERIOR SPANS 
Dead load Unit stress 
Slab Slab Bar space 
span depth ee center-to- eee M(1.0+1) M Ale D # k j 
iS a center side d 
10 fe He 
Feet Inches Inch Inches Ft.-lb. Ft.-lb Ft.-lb. Sq. in Lb./sq. in. Lb./sq. in. 
2.0 5.75 YR 5.5 40 2, 480 2, 520 0. 43 0.0080 | 0.333 | 0.349 | 0.878 17, 800 795 
2.5 6. 00 YR 5.0 70 2, 870 2, 940 .47 . 0082 - 316 . 849 . 874 18, 100 810 
| 3.0 6, 25 54R 7.0 90 3, 230 3, 320 . 53 . 0088 . 800 . 354 . 867 17, 350 790 
3.5 6. 50 54R 6.5 130 3, 540 3, 670 57 . 0090 . 286 . 353 . 864 17, 000 775 
4.0 6. 75 5eR 6.5 170 3, 830 4, 000 . 57 . 0086 . 273 . 353 . 872 17, 550 800 
EXTERIOR SPANS 
4.5 7.00 %R 6.5 230 4,100 4, 330 0.57 0.0083 | 0.261 | 0.347 | 0.874 18, 100 800 
5.0 7.25 %R 6.0 290 4, 360 4, 650 .61 . 0085 . 250 . 350 . 872 17, 500 785 
5. 5 7, 26 BR 5.5 350 4, 580 4, 930 267 . 0093 . 250 . 861 . 868 16, 950 800 
6.0 7. 60 54 R 5.5 430 4,780 5, 210 . 67 . 0089 . 240 2855 . 871 17, 150 785 
6.5 7.75 %R 5. 5 520 4,960 5, 480 . 67 . 0086 . 231 . 849 . 873 17, 250 770 
7.0 7.15 54BR 5.5 600 5, 120 5, 720 . 67 . 0086 . 231 . 349 . 873 18, 050 810 
7.5 7. 75 54R 5.0 690 5, 260 5, 950 . 74 . 0095 20k . 861 . 868 17, 100 805 
8.0 8. 00 54R 5.0 800 5, 400 6, 200 . 74 . 0091 R202 . B55 . 871 17, 100 785 
8.5 8.00 5gR 5. 0 900 5, 530 6, 430 74 . 0091 . 222 . 355 . 871 17, 700 810 
9.0 8. 25 4R 5.0 1, 040 5, 640 6, 680 . 74 . 0088 . 214 . 350 . 873 17, 750 795 
9.5 8. 50 SER 5L0) 1, 180 5, 750 6, 930 . 74 . 0085 . 207 . 845 . 875 17, 700 780 
10.0 8. 50 5g R 4.5 1,310 5, 840 7, 150 . 82 . 0094 . 207 . 358 . 870 16, 600 770 
INTERIOR SPANS 
4.5 7. 00 4gR 6.0 230 4, 230 4, 460 0. 61 0.0089 | 0 261 | 0,357 | 0.871 17, 550 810 
5.0 7. 25 5g R 5.5 290 4, 600 4, 890 . 67 . 0093 . 250 . 361 . 868 16, 800 790 
55. 7. 50 5gR 5.5 360 4,970 5, 330 . 67 . 0089 . 240 . 355 . 871 17, 500 800 
6.0 7.76 BR 5.5 440 5, 280 5, 720 . 67 . 0086 , 231 . 849 . 873 18, 050 805 
6.5 8. 00 4R 5.0 530 5, 590 6, 120 .74 0091 . 222 355 . 871 16, 900 775 
Vint 8. 25 54 R 5.0 630 5, 880 6, 510 74 . 0088 . 214 . 350 . 873 17, 250 775 
7.5 8. 25 4R 4.5 720 6, 160 6, 880 . 82 . 0097 . 214 . 363 . 868 16, 600 790 
8.0 8. 50 4%R 4.5 840 6, 400 7, 240 . 82 . 0094 . 207 . 358 . 870 16, 800 780 
8.5 8.75 4R 4.5 970 6, 660 7, 630 . 82 . 0091 . 200 . 353 . 872 17, 050 775 
9.0 8. 75 4R 4.5 1, 090 6, 870 7, 960 . 82 . 0091 . 200 . 353 . 872 17, 800 810 
9.5 9. 00 544R 4.5 1, 240 7, 100 8, 340 . 82 . 0088 . 194 . 348 . 875 17, 950 800 
10.0 9. 25 5ER 4.5 1, 410 7, 290 8, 700 . 82 . 0085 . 188 . 343 . 877 18, 100 790 








1 See tabulation p. 155 for reinforcement transverse to main reinforcement. 
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TaBLE 24.—Design moments, dimensions, and reinforcement of slabs for the following conditions } 


SLABS BUILT MONOLITHIC WITH 3 OR MORE SUPPORTS 2 Controlling conditions: 
AND CONTINUOUS OVER 2 OR MORE PANELS a H—-20 loading. 
Case II—transverse reinforcement. 
Slabs monolithic. 
75 percent end restraint. 
Paving allowance, 25 pounds per square foot. 
Modified formulas. 

A,=Area of tension reinforcement. 
A’,=Area of compression reinforcement. 

d= T'—1.25 inches for bars % inch or under. 


Spans 2 to 3.5 feet, inclusive, A’,=A,, bars not bent. d= T'—1.50 inches for bars over % inch. 
Spans 4 to 10 feet, inclusive, A’,=0.5 A,, bars bent as shown. All bars to be hooked at ends 











INTERIOR OR EXTERIOR SPANS 



































Slab Slab Bar space he ea a ‘ Uae Serer 
span depth Bar size | center-to- ws M(1.0+N) M: A, 43) Be k j 
s i center Hes d 
10 Ie fe 
Feet Inches Inch Inches Ft.-lb. Ft.-lb. Ft.-lb. Sq. in. Lb./sq. in. Lb./sq. in. 
240 5. 50 lo R 6.0 40 2, 090 2, 130 0. 39 O00%6) |seaneece= 0. 345 0. 885 17, 400 770 
2.5 5.75 wR 5.5 , 60 2, 480 2, 540 . 43 . 0080 0. 333 - 349 . 878 17, 950 800 
3.0 6.00 YR 5.0 90 2, 840 2, 930 47 . 0082 . 316 . 849 . 874 18, 000 805 
3. 5 6. 25 56 R 7.0 130 3, 150 3, 280 . 53 - 0088 . 300 . 354 . 865 17, 200 790 
4.0 6. 50 54 R 7.0 170 3, 440 3, 610 53 - 0084 . 286 - 352 . 875 17, 800 810 
EXTERIOR SPANS 
4.5 6.75 BR 6.5 220 3, 719 3, 930 0. 57 0. 0086 0. 273 0. 353 0. 872 17, 250 785 
5.0 7. 00 SER 6.5 280 3, 970 4, 250 . 57 - 0083 - 261 347 . 874 17, 800 790 
5.5 7. 25 54 R 6.5 350 4, 190 4, 540 . 57 . 0079 . 250 . 341 877 18, 000 780 
6.0 7. 25 4R 6.0 420 4, 390 4,810 -61 . 0085 . 250 - 350 . 872 18, 100 810 
6.5 7. 50 8 R 6.0 500 4, 570 5, 070 - 61 . 0081 . 240 . 344 . 875 18, 200 795 
7.9 7. 50 54gR 5.5 580 4, 730 5, 310 . 67 . 0089 . 240 . 855 - 871 17, 500 800 
7.5 7. 76 KR 6.5 690 4, 870 5, 560 . 67 - 0086 spall . 849 . 873 17, 550 785 
8.0 7. 75 ¥%R 5.0 780 5, 010 5, 790 . 74 . 0095 ~ 231 . 361 - 868 16, 600 785 
8.5 7. 15 &aR 5.0 880 5, 140 6, 020 ol . 0095 . 231 . 861 . 868 17, 300 ~ $810 
9.0 8. 00 54gR 5.0 1,010 5, 260 6, 270 . 74 . 0091 ~ 222 . 355 . 871 17, 300 795 
9.5 8. 25 5gR 5.0 1, 160 5, 360 6, 520 - 74 - 0088 . 214 . 350 . 873 17, 300 780 
10.0 8, 25 5B R 5.0 1, 280 5, 460 6, 740 74 . 0088 214 . 350 . 873 17, 850 800 
INTERIOR SPANS 
4.5 6.75 5gR 6.5 220 38, 840 4, 060 0. 57 0. 0086 0. 273 0. 353 0. 872 17, 800 810 
5.0 7.00 4BR 6.0 280 4, 210 4, 490 -61 . 0088 - 261 . 356 . 871 17, 600 810 
5.5 7. 25 KR 5.5 350 4, 580 4, 930 Od - 0093 . 250 . 361 . 868 17, 000 800 
6.0 7. 50 5R 5.5 430 4, 890 §, 320 . 67 - 0089 . 240 . 855 871 17, 500 800 
6.5 a0 54gR 6.5 520 5, 200 5, 720 . 67 . 0086 . 231 . 849 . 873 18, 050 805 
7.0 8.00 54R 5.0 610 5, 490 6, 100 . 74 . 0091 . 222 . 355 . 871 16, 850 770 
1.6 8. 25 54BR 5.0 720 5, 770 6, 490 . 74 . 0088 . 214 . 350 . 873 17, 250 775 
8.0 8. 50 54gR 5.0 840 6, 020 6, 860 es . 0085 . 207 . 845 . 875 17, 500 770 
8.5 8. 50 83R 4.5 950 6, 270 7, 220 - 82 . 0094 - 207 . 858 . 870 16, 750 780 
9.0 8. 59 4R 4.5 1, 060 6, 480 7, 540 782 . 0094 . 207 . 358 . 870 17, 500 810 
9.5 8.75 4gR 4.5 1, 210 6, 710 7, 920 . 82 . 0091 - 200 . 3853 . 872 17, 700 800 
10.0 9. 00 BR 4.5 1, 380 6, 900 8, 280 - 82 . 0088 194 . 348 - 874 17, 900 800 





1 See tabulation p. 155 for reinforcement transverse to main reinforcement. 
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Part 4—EXAMPLES OF SLAB DESIGN BY MODIFIED FORMULAS 


The following examples of slab designs are given in 
order to illustrate the application of the modified for- 
mulas and tables advanced in this analysis. 

Example 1.—Required: To design a bridge floor slab 
of uniform thickness, providing a 24-foot clear roadway 
for H-15 loading, with main reinforcement transverse 
to the direction of traffic. 

The size and spacing of the supporting stringers will 
depend on the bridge span and for this example are 
assumed to be as shown by figure 13. The stringer 
flanges in figure 13 are assumed to be 12 inches wide. 

The effective design span S is shown by the figure 
at the top of table 21 to be the clear span S’ plus total 
slab depth 7, or S= ey tape Trial slab depths for the 
above spans are shown in table 21 for 50 percent end 
restraint to be 6% inches for exterior spans and 7 inches 
for interior spans. 


ce” 24-0 CLEAR ROADWAY 
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INTERIOR SPAN EXTERIOR SPAN 


Figure 13.—BRiIDGE SPAN AND SPACING OF STRINGERS ASSUMED 
FOR EXAMPLE 1. 
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Using the above trial slab depths and solving for 
the effective design span S results in the following slabs: 

Exterior spans: S=(6 feet)—12 inches+6% inches= 
5 feet 6% inches. 

Slab required from table 21: 7’=6% inches and A,= 
%-inch diameter bars at 6.5-inch centers=0.57 square 
inches. 

Interior spans: S=(5 feet 6 inches)—12 inches+7 
inches=5 feet 1 inch. 

Slab required from table 21: 7’=6% inches and A,= 

%-inch diameter bars at 6.5-inch CSR 57 square 
Piches: 

Reinforcement required in the bottom of the slab 
in the direction of the y-axis, from the tabulation on 
page 155: 











Middle half of slab span: A,=65 percent of 0.57= 
0.37 square inches=%-inch diameter bars at 10-inch 
centers. 

Outer quarters of slab span: A,=45 percent of 0.57= 
0.27 square inches=%-inch diameter bars at 13%-inch 
centers. 

Where stringers are of uniform spacing and the slab 
is of uniform thickness the design of the slab is deter- 
mined by the requirements for interior spans. 

In the design of bridge floor slabs for case II, where 
the slabs are monolithic with the supporting beams, 
the procedure is similar to that followed in example 1 
except that the clear span between supports is used as 
the design span of slab. 

Example 2.—Required: To design a bridge floor slab 
of uniform thickness providing a 24-foot clear roadway 
for H-15 loading, with main reinforcement parallel to 
the direction of traffic. 

It is assumed that the slab is supported on at least 
three I-beams, the beams having flanges 12 incbes wide 
and spaced at 15-foot centers. 

Under the conditions assumed above, it will be found 
that the effective design span is 15 feet and for this 
span, table 12, 50 percent end restraint shows the 
required slab thickness, 7’=11 inches and the main 
reinforcement A,;=1.03 square inches=%-inch diameter 
bars at 7-inch centers. 

Reinforcement required in bottom of slab in direction 
of y-axis, from table 2: 

Middle half of span: 35 percent of 1.03 square inches 
= 0.36 square inches = %-inch diameter bars at 10- 
inch centers. 

Outer quarters of span: 25 percent of 1.03 square 
inches = 0.26 square inches %-inch diameter bars at 
14-inch centers. 

Table 7 shows that for a 15-foot span, with 50 per- 
cent end restraint, the edge supports must provide for 
live load plus impact moments M,(1.0+J/)=29,280 
foot-pounds. ‘To this live-load moment must be added 
the dead-load moment of edge support and the design 
then completed as for an ordinary concrete beam. 

It will be found that generally a properly propor- 
tioned curb and that section of the floor slab directly 
below the curb, with proper reinforcement, will together 
provide an edge support of adequate strength. 





HIGHWAY RESEARCH BOARD TO MEET SOON 


The Seventeenth Annual Meeting of the Highway 
Research Board of the National Research Council will 
be held in Washington, D. C., Tuesday, November 30 
to Friday, December 3, 1937. Reports on highway re- 
search investigations will be presented. This year the 


formal meeting of the Board will be interspersed with 
open meetings for informal discussion of pertinent 
topics. A program of reports is to be announced in the 
near future. 
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